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m Hiorrnnw uirrrf«H isms ocwmsssm v»m 
rat VXDS fut ?u!m 
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ftljUn Xe FlttMiv and Yirsll V» Bjjiahart 

StitoMltlMd to the BeparbiMint of Kanral Arehlteetore «ad Harlno £ngin«i«*ija;* 
on Kay 2li> 195U i» partial falflHjaeat of the ?eq(tdrfl«aata for the 
dacraa of liannUL ]SEi|^iiie«r« 

Ihl» Invaatlgatioa oeaatitatta a part cf a ptonvm ImiIk® earriad 
oet in the Dapartoent of Xarral Ar«}d.taatttre msi Marine Ikiflnaarii^: 
tmdar the a:^plo»s of the Soolety of Xaral Arohlteete and Kaprijoa 
XaglsHMHre. 

KMiy aerchaat vaeaale are tnitlXt ysaia^ m ^woarrerae a^taai of 
franiiie* thaaa traserarae trm9m» atnd the Mere nldaGiy oipm»i Xoni^** 
t^adinal giiJtSomro dlrld^ the idilp*a iBto elunrt id.de rootaapb* 

Xar panda; iddoh are plaead either in teoeicat er oa a ^eae loatt aoroaa 
1h* abort an the tM|* "hog«* er *»afia* lasdar the effoeia cf 

loading and vanre notiesi» In ganaral tha eoapreradee loading la la^e 
OTltieal diaa to the ph««ts»ia$wm ef *beetlinc*» 

For teat porposet these panda can be repr«N»aatad by idda flat 

plates restradnad to Ymryl}:]^ dim^rsee at their edges and loadad in 

ooeqpreaaioa aoroae the ah^ dinenfrlon.. In this inyeatlgatlo!i} m. 

a^aratitf vaa designed for the detendnation of the bnelding and vXtl« 

Mate loads of aaoli platea uhum all fonr «(%aa mm ainply eqpportad 

im s^tatioael reeiralnt)* Thla apparatua la intended to aooe»inodat« 

alrteeia grot$<f of platee having all possible oaefeinatlms of t^ 

foUeidng length->iddth ratios (a/b) mi lo^^^thicbna&a raMos (a/t)i 

aA=lA* 1/3, 1/2, and 3A> «/t =30, 50, 70, 50, Cdy one of tSiot® 
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£r«Hp« mat aetualljr tastwl^ nmindvr 1s«lnt X«ft f»r 
0fiM{:^«tlQit vtX tiM pstagn^tHu 

Tern tlM« mrk carried wsA th« foUo«i»{ oo»tltuii»i» are dramiit 
(X) UhiX« fort3«ar vefk ie aeoaaiaaxy 'ba aiaka tk« apparatwa caai* 
pl«t«l7 Mtlnf aoterf^ tli* aq^ui{W»nt daal|?s«d and built ptrcfidad 
raascHubly unifem dlc^botlen af the coaiHracaiTa load, and a ifVTj 
dcaa app>‘*cxi»atlc& ef aia(il« aui^rt on idl fmir adgaa af a teat 
Plata $6 3A* in 33 $A^ ia laagtfe? a«d S/32« lit tklok»«aa, 

(2) A erm 9 of fotur i^aiaa aia tasted la biaoIdlitK te 
the cmlaation of tha taat a^pparatsHi > fern tbaaa tacts tba falXciflns 
taatativa «c»<(a'aataaa ara dram : 

(a) Tbs anifondtj af straaa diatribctlaR is not as eritieal 
as was i»tdnipatad« 

(b) Iba strength of tba pla.'to is a»t a foactica of tha 
aaasurad amtdaBSi Initial a&falmaaa aloiia, tha initial sontoar and tha 
past hiaterr being ia^rtant alaoe 

(a) For tha fo«r platas taatad (aA~0«237| a/t=S6*U) tha 
axparlssantal orltioal straaaas obtidiied snpportad tba pradlctl)i» for 
tha fivan ratios aeoording to BXaloh . 
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Dear Sir; 

lai ftccordaacs vlth tlM requlraaients of tJao <l»£r«e ef Xaval 
Sneia»or> wo berovitb ouibRit a tbesia oatitXod ’'On Frorldice 
Unlfom Idas Ccaepressivo Loada for Wid« flab Flateo*** 
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Mosknod 



« - Ohsupportad langtb batwMti eantani ef loading 

b • Onai^pportad langth batwaan *a*«adga onpporta 

b* <• width of Plata 

d • Lataral daflaatlcn of cantor of pXata from original pl«iia 

do - Initial lateral daflactlwi of eanter of plata (sojro load) 

d* • Diatanoa £roti point on boriaantal ccwitar Una of fOata to 

refaraaco line 

k • Coaffieiont ia buckling forsMla (baaed on b/t) 

Ic - • ■ ■ ■ (baaed on a/t) 

n • Xiadbar of half uaraa in baeklad plate 
t - Thieknaea of plate 

« - Lateral deflaetioB of an arbitrazy point on the neatral plana 

of the plate trtm the original plIaM 

X « Diatanee in direetion of lead (oxigin at horlaoatal el») 

7 • • Bonsal to * (origin at <n»a adga) 

A •> Sdga area of plate « b*t 

C • Arbitrerjr conatant in aolntlni of diff arantlal equation 
C • Plate conatant - kX/(U^y 
S <- Xoung*e aodalua of elaatielt/ 

- fmagmt aodulua 

F • Frictien fore# in one Jeek 

X • Mon a n t of inertia of atrip of plating 1” «lde« t tbiok • i^/l2 

t - Sana aa ’^a*' « need in eolunn tormaltm 

f - Applied load 

P* « load trananitted to taat plate 

Fe,. - Critical load 
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load 

p£ - Intarnal pre«a\ir* in jack Ktnlfcld 

£ - Fore« exertad ty jack plTasctr rattsm spring 

ot , - aspoct ratio or nidtlt ratio 

- !5e«mxrad atralJia Tor pair of oppoaito gagoa 
6^ m Longitudinal atrain at nawtral axia of i^lato 

- Avarago longitudinal strain - P/AB 

/ - CoeffleitKst of edf.a restraint ( /*<^ far sir4?le support) 

yu m Micro- (one-nlllionth) 

y> - FolB8on*s ratio • aoaoned to ta 0*3 
<r~ - Strasa tntawiity 

<T|^ - Lct^twdlnai atrasa i»ta»«ity at neutral axis 

<ri^ - Arerage loogitwiinal atroas intanaltjr - P/i 

- Critical atraw intensity 

^ult • ^tiaate atraaa latanaity 

(Ty » Held rtreaa 

r - Bt/E 
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I« ZmSCDTJCTKlf 



A» Qmamnl 

Ihia lRrMtls«^;9n raprMHat* a part ef a Mora axtanalTa pro^praa 
baing apanaorad tha Soil Stmetoraa Oowalttaa of tba jf^latT- of 
Ibrral JUitMtaeia aad Harlna Eogiiiaara^ (Saa Appandix A«) IMa pro^feot 
la daaigsad to datarMlne the baoldiisig aiid uliiMata atrauf tha of flat 
pLataa of aueh <SlaMnai«Esa wd boaodaxT* eooditloiia aa thoae taaaall^f fonad 
in tranareraalsr fnaad anrcdMot TOtaaM* 

Tha fnadng of a Toaaal naj ^ aoneidarad^ t&r tha parpoaaa of anah 
m iisraatlgatilony aa tb» bonndarlaa of tha tazlotta panala into lahiah it 
dividaa tha ahip*a akin or platings Each of thaaa paaala aagr ba aoiad 
upon t3j diraet axial loada^ ahaar foraaa» and/or naManta along aithar ar 
both edgaa^ and In addition by praaaara foreaa nomal to tha plana af the 
^xcto* Bna to the buhari^ of the i^Jitins m a ahole^ Vm edgea of a 
pasrtleslar panel naj ha eamlderad aa altqpljr aupportad, claetisally 
raataminad^ or la tha aactriMM oendltifl^^ (^Lanpad* Tariidslaa idiich affaet 
the platlag atrangth arat (1) tha ratio of idatlng laegth to thiakaaaaf 
(2) tha ratia of length ta aldth) (3) the dagraa of raatraint against 
rotation tha plate adgaaf (li) tha atiffhaaa of panel boandarlaa^ i$) 
of nan-tadforn dlatrlbutism of tha lead* 

B» Raeaareh Projaat 

It naa fait by tha atOl Struoturaa Canalttaa that tha ttqpariasntal 
data oQ tha atrangth of ^aae *alda^ plataa ans inosaiplato mA that a 
oonaidarahla range of plating alaea and ahapaa utliiaad in ahlp eonetruja» 
tion had not baan invaatigatad at all. Aa a spaclfio point, 2lMitgnnsria*a 
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tPitofliAMt' AllPtl tvfi#«.Sf ‘to *l2P<i» ««* (C) t»^ jlltJliaii;^ 

iiin^in %9 — "i^i* «0 (€) ti0 (f) 

iMif > MmitP fii) ^mttm «l# > nei^»toT 

«teeX «« 1« iR^iMH^i^ rm *W 

‘ Y^ri — 3^; ^ ! iMi iri i ~ mnmi iwfcw^ n<i n m* u rinT p y i iftTin'r-rii^ 

rrfiwi-Vxri «4f ttfi MljjJftaO c«r««iV'»r‘' Xt^ ^X»l ^ 

« 9m <9» am^ In •• 

%tn IfePlliii* a nyrt fiM» l» 

»fffri^ » mA .ii» O Mas^JL* ■‘^^w^t *Kmt ttet Pad 
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[ 36 ] » b«Md on 'kI'I^ tnload«A «dt;«s fr»e tmi 

«4g«i iA«urtiG«13^ nwtrsiand lunrs iMNtt a^pf^ad to eondltioM 
vhmf tbo/ are nst T«li4» in liee of bettor date* ^eoordlsigl^ 1 
reeeeroh pre^t ww fermletcdi ilsicb bid as ite idbes tke i»ooe|plieb» 
Mttt of the ft^loiilng four purposes} 

lE’beea X To mebe e eunregr ef tbe literature relatlfiis to tbe 
theoretieel buokUng tepA eltimte wtreueths end 
experjUtentel waxk t^«reoB) to d«ter»lBe the raagee of 
permeters for eSdeh esperlnwkUl date, wee laskiag or 
SneeffloleBt) asd to fled laf(»raHiti«i upon the effeet 
Kod growth of lanfadmMW* 

Fbeee tl 7e cendmt bucblitig end ultliiate strength tests for 

isdsodel edge CMqs^sloai Wi pletee of sook ALmmiam 
6S are isUceted "bj fixmn I# wltli loeded end unloaded 
edges adsgdy snorted# 

rtAse ZH To eendeet bn^hlihg sad ultiaists strength tests £@v mdt^ 
aodel edge ooai^preKrixm m pistes tf sish dlneaslens «s 
are indicated by fhsse I, with ijanloedad edges singly 
•itpported sand leided edges slsstiesXly rectrelaei to 

TsrylBg degrees# 

Phase IT To deeign^ build, end ereleste s test eqppsrstas f<»r the 
ssecMSi>lishnpe&t of Phases IX and IXX« 

It USUI the origins! pwrpoee of the author* to o-rwsjleie Phases I, IX, 
sad XT# However, das to delays in deXlTery ef the test squiisagnt, end to 
diff imilties onoountareii in getting the test equi^iittBi to ftmotion m 
desired. Phase IT was not oas|lot«d to tSsa entire sstisfeotloo of th» 
euthors* One gro'oqp of pistes uodar Phase XX was twited but its results 
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VMi lni«nd«5 prtiuirllr to sv^qpXtMRtt tJM «T»X«fttion of th« ta»t «qui{^ 
nOKt teaSor Phasa IT. 

C» Idterattcra Sumgr 

A MKTO& of Ht«r«t«r« oa^ or portainlag to> baokliag uXtlaato 
strasagtH of flat pXatoa widar wdams Xoadiafs tad odgo ooaditi^ wm 
Mad* ta datorsloi* idiaitianr adiaqmto thooz^ and aaqporbMQial. data asiatod 
partinant to tho rmne# of pilato parawatasti and adfa eocdltiiMW 
iRVoartd^atioa* 

Ihft romalts of tlda eoainolSi lad to tho baliaf that thoer/ proaoatod 
hj 7« !• KLoiah fSj aaa m adaqoato# thoaih »ot aathMRatd&allj paroeiaa^ 
baaia for ^taigiag tha propoaod toat roailtay both for bookHag tmA 
■ato atroagth 1 h tho alaatlo and plaatle raagoa. 

Th» aaaroh failed to rovoal aufflaioot eaqporiaojstal data la tho 
ragiatt of iataroat. Shulta and Wsaahlar ran firs toata at a/b - 1/2 
vith a/i raxjis^ from 20 to 120 icLth all adgoa alaipil^ aiiqp^rtad* loahUkl 
$9 alao praaasts alxHar data akirtliii tha raago of lsrt«reat» with tho 
oloaoat data at »A> > 1/3 aad 1/2 but a/i > 1C6* Flcvro lA ia psemSMA 
to iidioata tho rajage of iotorastj* tho propoaod toat paraawt«ni» and tho 
paraaotora for «Mch data is jsroaoatlgr awailid^* 

Dmto ia alao aoMa possibility that othor data £cfmA nay bo roeval^ 
iiatod jute usabla foKx ooraddoriog alaatlo 8«ppi»rt of tho loadod 
elgoa» Tariooa ahapos ssro saod aa odgo roatralata but no attanpt oaa 
MWde to cnlnato tha dogroe of roatraint providod. 
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TeSTS OF SIHFLY »OPPO«TCO PtATCS IW 
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Program 

ift«r coiwiAsrliic tba ragloa of iatoreot imd th« point* cov«rod by 
prtnrlooa inrosilKniors it m* doeidfid to U8tt 8ixt»«t diff ar«Dt sine 
tMt pint** hw«lne ec«l)ic«tios9 of the fs2J.oKdi3C ratioaj 



a/o 
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lA 


, 1/3 


, i/i 
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e/t 




30 


# So 


> TO 


, 90 



thM« ptsrticvCLar raUxM were chosen for the foUoeii«e re*5ons$ 

X« ^thin the r«|4^ of interest there hsM been eery little date 
olsteined^ aeai the theory he* siot been oenfirMda 

2« $ 0 M* of the ti/b vtlsee lie aibove the reglea otxtlined the 
iMerloan Boreen of Shippisf RefBletls&ii eiase the ABS velimi ere for 
platoi near the addship eeetlonj io»i 'Uie plates farther tovmrd or aft 
hten higher a^ ratine. 

3* For extraaely lev s/b ratioa» ra^^table reealte are difficult 
to obtaia^ and It was decided to c^stcantrate «s gettli^ nsa^le reenlts 
for the ixitereediate Talnee. 

ii« Slgher a/b ratios are ef isrt^*est priaiarily for longitudinally 
fl a we d ehipe« 

Aetaal eieee for the teet ap ec la w n s were deoided npon after ova^ 
eidaratlon of the foUoaiJig faatores 

1. the t/bf a/t ratios deelded upon i^re. 

2* In carder to tsse csisti^ eqaipaMot prefioasly nsedi in 
gatione by folyrdmwMi [l^Oj aod C*§Kimoli [l£] , the mm «f &m of eaeht 
Bhert dimisitm iriboseii use saot to exceed 3U”« 

3* tho long diawtrwlona waro ealinslated fron the short diweneions 
and a/b ratios seleetad 4d>ove. 

I). the MaiTi.-wtiw plate tMolcness could be aooosodated by tliw» 
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mtppart» mks X» it wsa to u»« 

•tinder^ ?0L«t# tkLek»MMMMi« 

5« SiRoo it n9tt dostrad to e^itoin botb bosklix^ msd vltimte 
strM|:1^;» tb« piliitM aheoM fmil tsid«r & Xo«d loss tkui tbt a^poeitgr 
•C thi tovti^ mehijM (^^000 

6» ISw'ft'fMi b ddjMKstiwQii^ m dis^mmixsaA «2xr7» im» tS^m sltesod 
M foUjowit 

(a) Sw *a'* disiHHudoft nts dMTMMd bjjr 3A” »dn)30 it iii* 
bollovod «t this tdisB ‘iktt tho loadlaft uccaMatsi vhioh trtna* 
xlttad tbe load mouM mt m a part of tba al^aotlva Xaofth 
af |iLata« (2t 'wiia later daeddad that thia m» not tba caaa^ 
aad bam* tlia act^ aA a»d a/t valuae vara not aasaotd^ tba 
aaaa aa had. baan aaOtaotadt.} Tbo aotoal idLata dinawiia^ 
SlTist la TWbXa I« 

(b) !Eba *b* diaanalon mm imsrmmd bjr 1/2** to allov lA” 
aztaneioii iMQmd liaa of ball baeoriag aapsiort at aask 
aaloadad adga* 
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3 /b 
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15.030 
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15.000 
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6,750 
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13.313 


1/3 
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23.000 


33.513 


33.513 
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II, HlOCEDSaS 



Hm MMdjrsis of ih» bdterlor <xf fXxt is busd a glraa 

strsM dlrtributlsfii, ia tMs esM tbs dlstrlbatlem ef tbs fores s| 2 p(llsd 
at ihs loadsd adgas* Tbs probta* tbsa« ista ts prcrtldUi a lesmss of 
affOTlNS o VBifwsIar distrSJbaisd sdcs load and at ths sass idm to asJua* 
tain slaqpls mappaxt at tbs loaded sdfss^ so that tbe of tbs plate 

sirs idJLossd (Ksplots frssdon ot rotation and freadem of translation in 
tbs plans of tbs plate lidls bsing rsstrietsd frsn anjr latsral novsnont, 

8» Iioad Diatrlbtitlon 

A ucdfona load distrlbation cm bs obtaiasd \/y cm of tso nstheda^ 
slthsr br eaaaing a tnlfors ewstraotion in tbs plans of ths platSf or bgp 
applyiac a load is distributsd by sem axtemaX 07 «t«i« Either of 
thsss nstboda providas tbe dssirsd loadiac eojodition prior to biic^dlse 
of a pMfsetly flat i^Lais* In the ossa of a plats in a ebip's etraeturo» 
tbs a 9 Waap«tkni that 1^ "loadsd” adfsa ef a panel rssaltt atraii^ (nalfcan 
dsflsction loading) Is yrobsHy elossr to ths aotual altaatiim than io 
tbs asraigrtion of a toxlfom load distribution, Ibasrer for rmutozis given 
btloWf this nsthod of loading is dlffletlt to uss. 

Tbs arailabls taertlng nsshins^ idxnsi in Tig, bss an t^per loading 
baad «bic^ is a hollow ^rltndrloal forging approslaatsly iS" outaSds 
diaostsr# sad 11* insidsf ths lower baad is aquars. Sines ths lar^sst 
plate is ^ lA'* «ida» ssms aaxtltary dsrlos ma mcmmrsr to distrlMts 
tbs load to tbs i^sts* I^aliadnaiiT oAlctilaUons Indioatad ^t an l<-bsas 
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i. V* *1 






.;*-. va, 4kjlvAi4 ^ .•• aM^CMV 0^' 

•**»x «dr fs 



(M « 1 - W^plW •* (# BBh 



u 

i.fiq 




.e«if 4 jvurii^ ^«a tt ^ eJb^ ^nJbd 



'W •■^59 «ai <JL ®fl ipiiMit *MiIW« 

^i£ ^ ^ tixMt IlM 

^ TMfffcw* W «i>a^ *^Ae a 

i>-* I •:% — ii hiftitff «w*iAi 



A tti «, 



1 1 ( 



vbJjoh w<*ld liadt tSam dijdmtlon of the stre«« rsHWtr the enda of thst 
|!lftt« to a nmiliul nXao^ aiQr of tk« anera^e^ waald bo of prok3lbi»> 
tiro olso» ThiJi i» b^mo out ^ fact that tbo c^iotoiit 

doflootion hottds of tho tooting nasblao at BfevH Tosrior ilodiA Booin 
aro oact r ooo l y doep» 

Zho aolution e oiwono »ato vith tbo tJjM and aoaof cvaiXid:a.o nas 
t)u» moo of a o/oton of oovont 20»im FOrtc^Bnio? b^draallo Jocko 

ooftnoetod to a c i oowoa Mmifoldj Moittloal a^rstono boing nood at both tha 
top and bottom of the plato, Tho tooting nachine tranonittod the load 
thcoogh an 16-inodi wido flango X*boa» to tho Jaeks obi^ in tom i^Xiod 
^ load to tba plat# throogh tho lorongiMOmt isiteniod to prenrido aiagdo 
onpport* Thio ojrstOR^ iMla not cxaotljr raprodaoing tho pxnatlcal oitna- 
ttosif psvncUdi a folotlMi Ohieh voo faaolblo^ sad garo kmm. e8adj.tion9 
of loading* 

]bddglng tho gf^ botooen t^ Jaoko nao a 3/k” x. yS/^ x baar* 
of AISX C-lOk? otoal hardonod to 50 Rookifi^ 0* Xko pverposo of thio bar 
000 to forthor diotributo tho load botweon tho Jacks idtcn the/ -rnTW widely 
aoporatod« and oorpod as a boaxlsg snrfaca against the loading sog» 

iMMts hosr^it Tho bor mo gromd flat on ono aldo^ and on tho o^r had 
a aballov grooro gronnd to allow tun altmiaatiTa mja of noizig tba bar* 

Tho loading sognanta traandttod tho lood from the loading bar to 
the plato itoelf • Theoe eognan^ wora ont trm 3A'* dianater drUl rod 
idsloh had a loagitnUnal groore Milled to oentcr dopth| the rod ms iibm 
ont to longtho of 7/8" and 1/2" > the ahortor oogMomto being ploeed at tho 
md of the plate* Theoe oegnento wore hardened a haadnaso oe c ga r ah le 
to that of the loeding bar* Theoe o^^nmto tzMoaiilttod load aloi:^ 
a radlwo to the edge of the plate* In this toroiosol rootraisst along 

- U - 



la tmt TtSbUI 1%^^ ^JKfi! <?MMr 

-***--^ u $4 *mas •*» •« *4 «»)^ «M N ^i 4 «i a*Ui 

immmm *«t ^ «mc w^aB »i tMf «siriii %^d# 




Uitf r^ 4^iis- «.* «> yft imm^v<ti !«•»• tSX* ^ 

\r.'^‘^«r %i,» m-* MkI ncl •*«d:i^<d’ii:l) ■liiwrt •# 4M 

^pa ptfai^ aR^ pcmp t ;44 Pb# « IB j aB -r a Mt km 

AMI WB ‘H' «e^ '>v %A tm tmi «isiMf ai^B 

iva flBi HAfc %i' aaf •*«' Abpbq mLimm » 

<4 mi .if <••«* daii'Jiaa'jt *mib^i« pdiBei a® 

Aai «4faf 4i ABHiw ^MlT»*ipaX b la^ 'lidT 

% mm^ W^mam ^ ^ t if i paf ni^ i»«* 

Am 4 a^M# ABama •laia p^»i. «4i % ^ «# 

Ip^tA mlMfBBi U nrnia i^a ip« %tm 4t ««#»N «4j *%• aO ii • 



• a 



th* plate edS|;e wm negligiSilef the plate eOge whm free te rotate^ and 
the eliding friction aad/wr the groere in the loading bar p8*eveRted 
lateral wcrmmt of the plate adgee* It ia beliiwed tStat a rmej eloea 
apprexjUifttien to aixpla ma aehletad» 

la tha deaiipa of the aepMnia^ anfflciMiit olMranee me aUoned 
in the Killed elet eo aa to radnea the probability of a mteh failure 
at the isterael eon»ara« to rednoe the inmit of eeeeatrioity of load* 
iag, ohimdx^ atripa 0«Q17 tnediea thiek aere inaarted betnacn the plate 
aidee and tha a«fKM!ita» (Saa Figora 27*) 

After the firat taat ehoaad that 'Umi load diatrlbution wet quite 
erratic* a gaeket of moprena uaa inMrtad betaaea the plate edgei and 
tha loading aaipaanta for the pixpoae of eHRiaattr^ local hard apota* 

Xa later torta gaskets of 3/32** and dendaOLe 1/X&* diaaeter main eora 
mSjSm aere need for tkU aazae p«rpooa« Althoagh ttia problaK of hard 
apota aaa not aoespXetoljr aoliad ^ aeaaa^ it aaa radooad ao aa to 
iaadleate the aae of the gaiticetf aaa beneflolel. 

C» l^aatnawat a tlop 

fo obtain the saqat^red atrain nMaaroaaati^ t^jrpe i»3 eXee^o 
strain gagaa asra Moantad on opKsoai^ aidea of the plate at onoter 
of the plate* and in atawi mam at additioiial looatitnia along the hori- 
aontal center line* For the porpoae of deterailning the distrihaMon of 
the Implied load* gages aere also noaotad along the top axal bottom edges 
aa eloaa to the edge aa poaalld.a to aeasare the leant faaondle diai^rilm- 
Uon* (See Hg* IB.) A fcnn^»ar» ^•^eatato^io tri^e hafing ^ aotiea 
gagas* the gage on tSte plata mad a cmopenaatixig dway gage m m anXoeded 
llite ef the saae thiekz»aa* aaa aaed} the straine meeo read m. a Baldain 



as 
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•T' ^ m m b f §m 

t»*iNgy ^ 41^ A'l Mt ji^llUt 

T»^i 1 • 4aii£^ «0««^#. U ^ < g >ipr»tB iii^4i»()«Sit 

«arr ^.4^ *^l:« 'mK> fn*7^ 

wm It aihi ■» ««r 4I 

A •£> .f,— :r or. i«sl- at 

«4Ml % i . . .■»r« V •' ' <1 ^ .> fi4* • ' > -1 — i^Wli aif> itU 

^f!;^ »i' ^ «^i*4 V%-**^-i vailpKf ^T'ljiK'. r!sD^'‘ yfcajiii ^gpr 

« . r ¥m0Jtm0} .oMMV* l«iMB 

<'Wf9 m KCi-' iiP<^ <nSt 

.WT9^ t«M Xna4 i» itfkr «»: «IB«^ pe t »*w M: ai## 

CI^ ^t .1.>. ., ‘*f.v *iti #1 ian *'<^l. ^ w$^. jC 

IW V ^«fein .*«) m/Lf v Wu.gj i tav* ^1 *mfs rstv 

♦ • •»» •■■' (Si# 



^ «n»-^ i WTw » ^ ^M r * iM f^ iwt < i.i>Jw-<i«a» 

•''^* * *» 'i-®* ^stiBa^T i*# bJM^ «C 

0k. •Ji* )* »#^« e e»i c €» #v>» K SB* 1 

*#VI0 * i P^i* fcWttMtt t4« #4 4Bie» (*«4« «>t t9Jk f«tf^Xii ^ Is 

Ip miVMdBN tt «rr |iiiiMlrT^> ^ Mfuruii ^ bt 

*v*' — !■§ 9 -^ 4M i^j.« rnmm Mifli MSSiii iri# 

^ «~w^ a«i s%A*«« <•# » r#! !S0»^ m. «a4' »a a^gX* 

“♦ . ihF»^ * SiA^raiifc a {At *i^ti *i»«Mt 

^***.s. '* »«[B ji Muisa^iii » S9 s^aJk? ii^ B# t*P® 

■ ^''^ i ■ • ,~» arv ^agHPbAijV «■** aA# %• *i»fi| 



u 



Pig. 

Test Plate 




t 



I 3 



Details of Loca’lions of Jocks 4 Strain Ga<jes 
Note: Even numbered on 

opposite Side 



fjrp* t (or L) Z»Al»otor« Stndii ooold bt vmd to + 2 

«lerolnchoo/lac^» AXthoagb ibo amvgAMd ws«tmy is ^ 5 sloroinebMi/ 
iiiob^ differ«MSos of + 10 Kiero ineh w i/ inefa botusoo isdtliil and final 
MTo rsadlngs wsro not uaeosMaa^ saA ooosftioBal sMfts «f groator iiagRi»> 
twlo wm rseordod* Bowsror^ in nost ei s oa ths ssro shift wui froMi 0-8 
nieiY>iacAiss/inoh» 

Lstirsl dsflootioiis mrs aS'SS ttgoil lior m Awos Alsl gsco idth « rtnf# 
of 0*$00 inohj aoontodl so at to idlAo s1{m% a iilaaiii mglo Iroa at tko 
hor lssnta l osntor lino of tha platoa (S«t Hgs* 30 and 32.) Ti» dial 
fago itsalf was accarata to idthiA ^ 0«001 iai^« EoiMnrar* ofoa tfeoo^ 
tho angla Tipon ahleh tho gags iMt nossitod saa oalibmtod vhoa tha a^tim 
WUI wiloadad^ no attasgit uas nad» to i^itek lAiother or mt it dafomad 
aiv lAwn tha ssniton nas loadad* 

J 

ths total load iq;)pliod vat neasorsd on Mastodaot atta ]]astltat« of 
l^ehnoSosT taotdag uaohlna io* XC$» a h|dra»lie isstallatioa tmilt bf 
SknrtlMM«zk:<4:aaa7 with a oi^paeitgr of 300«000 |xnsida« Or loinr acsalo 
(0u30«000 poonda) loads oooH b« rssd to ^ 10 poondst and idum th* mmitdm 
IMS ussd to appS^ th« load^ tho load ootid bo iiaintainad to jh $0 poaads 
of ihs dasirsd valtia« Whoa ths lumd posp mm vssd to s|3|dy th« load» 
oatiparabls aecuracy eoald bs obtainsd^ tbs load rsadlngs being takna m 
ths tssting nsohins* 

As an sddltlsssl ^^wok m tbs total load^ a Baboook end Wiloos pms 
idlth a raags of 0-1000 |wl nas sssd to nsasors prsssure at ths Manifold 
of tbo ups>«* jack agraton for aoaiii ti«ta* 

P. nrsgaratlsa ^ fast Hatss 

ths tost plates wars profidsd SsthlshsM Steel Ooa^ SMp^anildiag 



imjn ^ m«l>i i W U i ^ ii t i%ifc\' t- + ^ ««la62 

Ml M AiA VJI# ^ «i»tv ttk .«l)Afc^0M>t raw ekaT 

A «p4 •«» 3ii T)^i < Kfci ww imi4«»X1afe XiraiiM: 

^ *« t^i Jc * 0^ «• «• titct (Xf^J> to 



Sbm aC (.«. tai *C i^) «*4»£4 •*• V *«U: lW«aKi^ 

«ir 1*^ loMivwiAlM mm OBiftMaf w «fk| wiii^ iblJir isais' s/jit» «d# 
twu’itaii- U tmt 'Mi^r iMto ot 9im mm em mmr 



%p m^mk^\rnj: m pmtumm om te&S jCa#W mI? 

#£J^ I wriff^lBit rnJmmdtrn « «|BX »«t Bubekawc 

•tew 'wwii mU #» «Bi»B% '3^,|itC te> st tilths itmm in«ii»,iis8 

te» «lr tel# tel eMsiW <a t W iktei «4 »i»oX (e&n»^ CD0<e0f.»0) 
■»(«| i»^ ^ v9 teit ■»<*-» »i iMMtJ etweX «# •# Ibwur «Mf 

«teoX tet tew MP iflte ite telk »abXibt teitniiii o^ %s» 

faDte ifUcmi rp 1f1r-T tee-J ite »fc— iiWiii iHf Muoo vli^ircsqpoo 

•«fiMate wi# 




te$X /kf«# *41 1*9 4*9it» Xneanl^lfte mb iiA 
rnmmm «f l*wr iMr Xs1 COOX-<^ 1^ tfteK » MJS» 
««tei# «Bi tel te^ii?!i 3itet te^ 






ttfFin #tet 1» «€ 

•M ;>>rtvt<iva«M>fa-*a» te SuiiaiW**>W iw te < r 9iilll l9>a WII I 'I M li I 

tBii^unf o-mw "vHXf 4«i# m<T 



ir . 



» - 



Plvlfio«« QuixuKfi Th*y wm XaM ovA la thm mam dlnsetiUm 

<rat ftnoK • «iniCl« rntmaSL, Qt th» i^Lim ot plalMMU for %b» 

af^farmifBM warn dMigntd it ii eonaidLiawd thxt th« groiap of pVabm vltlt 
tho lemmt utpoet x«tio (lA)» i*«*» tltot* ItaevXwg tiM leneoti loa&ai. 

•df •» ixroMntoi tlM aost diffiaolt problw la toeoriiig; « rMtamuLbly 
milam load dialrllnKUoa* Kane* thia gron^ of foior plataa wm idlaetad 
to avalttata t2ia ^psMrat«a» ^ppasita adgaa of all taut n^laiaa awra 
planad paraUal to aaah otfear. 

la ardar to aomt atrain gacaa «» tha pXataa it wa» twmd axpadiaat 
to aaad4)laat or a)iot«l>lait Hamm plataa la ard«r to raaotra Urn idlX 
mal9» Qtia of tMa grov^ of pOLataa^ Plata Xa* 1» ma atilaatad and 
iastniBMRtad al<»ie totk odgaa at admm in Fig* IB* tsrpa iu*3 atiralji 
gagaa aara aaustad eloaa to aaeb loadad adga ao aa to fall tmdar aai i» 
tatMan aaah af tke Jaaka* Qagaa aara aomtad la appoaita iMira am Irath 
aHaa of tha jOata and ooisMotad to aaali gaga oovld ba raad iadividhutllsr* 
Hmtm botb iMnding MosNota and diraat atraaa aaa ba foisad* liata Mo* P 
mm ijurtraaantad alth flva paira of gagaa looatad an tba aactar lioa of 
tba plataa along tba "b* diaantion aa ahotei in Fig* B3* Plataa Haa* 3 & 
li aaah hart cam padr of gagaa loeatad at tim oantaar af tba plats* 

Boa to tha idtaarlng, oacblniag^ and blaating^ tha taat pUtai vara 
alightlj eanrad tn both dijraotlana* This cvrrmtura vaa alidjdaad as far 
M praotioabla bf a«d»aegiiaBt railing* Xt mu fomd that tha marmtsirB 
raaalning in tha long diraotjUm ooiXd ba atraightanad by iaaartiagVjook- 
ing ba tn a aa tha plata and the anglaa eonnaettag tha *a’*«adga a^ai^rta* 
Thaaa blocks vara raaovad bafMcvi tha firat raaiinga vara takan* Hbm tha 
graorad aida ^ tha loading bar vaa vaad« '^la van not meaaaary* the 
eurrntora aloi^ tha ahsrtar dlnansism ia traatad aa an IMtial mfaiimesa* 
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^ • «r«t ^sn« 

4#A »— a If t- > 4 ■ •' » •- ‘ — .*M. •• ri^ 

•Mawi i«*pMkS «MM «-*■ -*« ’>*>. i ««*.,.l ^iAr) ""^<a api •> ^ 

^ ^ -8yi_ '.i :'Xjppf!3lH‘ ruo %9^0B 

tef ss .»r " --4 <-•! ^0 eiai » ^ijh^>5' .fcu|:< 

««ii« ffM 

'2'’^ 4* 'f V'« te a^M ti^Bi 1 B %tP />'£ 

.^..* '-“ «v-. m «a»4^ ao *iii i f hpipt o? 

■■■ a*Bnai— t.l 4. 4 »'*iv ttmtmfH, ^<4rs^ ^*JWi %% «»Xaos 

.e^rrUB ^ -^fS * ilL wM M tlQ^ Upr-J^ 

m mm cssn rx-^ c ^ ^ sK.i» #c^ aRKiLra :H^tm^vm wmk miM 

xt ^ 1«f jitea 

« tjM>^ «<•' 4w •»,«) 4.-9 i»jfa«Bau W. aimit ^ MJUIa 

§ 1*. •* mm aw ^ m tm mmmm ffc.liiu a i «iatf 

la *«i'£ iMa«i>4 >.* — t#-^'- ».. 1^441 **» »*>a| vxtX H$j^jm >i(m«rJ; aaer 
a c .«sr4 - I 4 , -‘ .. 4|«^ marn m^ :» ^ am »»U -■ifrAXq: •» 

to -». .,-*. . w m b»*.. ..-.i .>'4^4 !• ;i*kj #64 .<4 b#«> ii 

T«a wm^ 'Si ,ti:,^<Ajas «V>^UilBa mS0 ## flirt 

ml W 9a«.k*...'<!K. MM • x‘*^.«M>ae fBimW 

Aflt 4#i(# AaaiC ••• *t .fgauJrt ♦i .a i f a*- #X4##4#a*’*q[ flfl 

14 J*4-*ta^.,a*,>*4 W tiam aatt J fl p i H . j#k»L mt r^Jt .iim m ’S 

m 60 $ iw« adaX^ a^ Ml 

Brt #Pi#^ r^^r# #<s«v cKtoXnT •“a^ff 



ft*. 



'ia-'iaauC 



lirt^ 



Duriae th» first vm Plate Mo* 1 IS) the speolaMKi wm 
iaadrerte^tljr boelded «»d m alttete loM <»£ 3^000 potsuSa sas recorded. 
At tide tine It mm e3q>9eted tlukt this €Ltimte load wauld be 
Hence it wa meeessesT* te re«st?ai|[ht«a Plate Ho« X befstre ftirthar 
teetiag ecndd fa^>t}e9d« fbts i«m iM»«c»iq^sbed successfillljr aslag the 
testing jueciiJjje as m |iress* 

to Bralimtien ef test Appewttitt 

A tetel of eighteen tests on Plate I %iere run with the %wt 
a^ppmnxm to detendiae the load dljrtolbution« In each of these teste 
SOM detail of the losdiog STStew wee ehaaged^ swH as ^ks (with 
or wLthout)^ loading bar^ gasket^ i!ddswd»g« or loadlic stanpuests. Ih 
all of tbase tests the sane plate waa nssd slnee a total cf 60 gages 
ware installed oia it for this purpose and it was not laraotlaal to 
InalraMst a«rs plstsa this fall/. In eseh test a load of ahont 20^000 
pofs^da waa applied and held for iwrreraX adisatea to aet the gasket, fhs 
lead waa than rsnoved^ and rs»applied in pto^pfmaim stsps^ gages being 
read at oeraral 'values of tiie 3Load« 



y. Btaskling Tests 

Boskllng testa were isads on the plate used in pert D above; a»d m 
'three other pla'tes of 'the sane aise. It slioald be pointed out 'that 
theae teste were weds 'to tsipmit the snralua'iidjMi of the waoMne and not 
prissril/ to obtain bnekUng data. 

X» each of the bttclding testa; the load wm t/ aeans of & 

h 83 sd pmp oomected to the awnifold of 'the i^par s/steet. Zero 
readinga of 'tha strain taken shen the pXatea ware in ^Lace 

» 16 o* 
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rMtljr Ut tMtiac b«fer«) tmr vks 1!te lo«l wm 

in imrmm&is ttt 2000 pmukSft mmi »trai±m gimn rn&iimio 
At o«rt«iii farihtr readULagu w* iftktpa tvr gng*» otk^r ikm 
tka»4 glriag bariOlae ia ®?dir t® d»cic tfc« l««l aiitrlSactiae, 
Smm atf th« pa*t« imp* also itsordsd, 

XIo sbts2» ths sltlssttt l«*d» lowor hssd of ik» test tmebim 
m9 mmd np wsm ths load btgaa to 4scrs«ss« TMs i«s tskm is tin 
sltiants lew!* 
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m. MSIE«TS 



A» Im laatloo fOatft 

lo Okmx«1 

Itw xvtulti e£ tmtu rm m teirfe plat« !Id. 1 (•«« 

Fif. IB} «» prtacated iE 1 to 20 isclE»iv«. 

plot* deplet ttveneft stmla 1 l/k’* Crm ««ek 

lottlod •da* ot ttm plat* mSar «ad l»st'{ieeE •««& liydsvulic 4aek 
peaiticD. alooa tbe *%” m&gt* , Orlgloal data «»t saapl# •oleuXa^ 
tioM on MlecUdL tost* «o» given is .Appendle^s Q aad s^aii^ct- 
iv»ly. 

To axq^^lmmst tlm «bbrttviat#€ dasoriptim of th» teat m 
of the figure* X to ^ iseXualw i* hoso » 

code of test desorlptim. A mm detailed deaerlptloa «U1 he 
foiaod in. Ai^^eaAix B. 

2, Code ol ^st Seae^ptioKi 
a. Load AppHeatloa 

(X«) ftmhim - Lead egipllM irith 300^000 # MsrAsnauXie 
testiac «a<^diie, Boo XOf^ ^etisHE Bateriale IJlaeratory. 
(2. ) X’HBip > Load i^Xiad witl^ LoNbranlie haaid pa# 
thr«m|^ top a^fataa of ^Jaelw^ 
h* JaeSce 

(X.) Bevaa aD-toa h^draolie oa eaeSi edge aa aht^si 
la fig 27 aad eooeieoted to a oomoa aaoifold. (fig. 30) » 
e. Bo Jiedlis 

(X. } All reaoved. loading bar beariag directly 
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<1* Eir •* LemdiMg. Bar 

(X*) 3 A" • Daaiijaat#* »t«tal bar 3A* x. 3 $/9‘ 

Saa B7<» 

(a) (?) •• Hat «dbt» af bar UnmtA Xaadlae aasoamta* 

(b) (Q) • draarvwi wSM af bar tcwardl lomHag 
g ag w a n tgo 

(2») * Daid«iiata« tbieknMa af eeld rollwi ataal 

bar - 1 1/2" idxia. 

(3«) lA"» £>A^"> 3/B" « Basi^nataa tMebsiaa# of 
rallad «ta®l bar 1 lA" wi4a» 

a« Oaakat - 3msripfdm of gasieet iwtarial Isatnaaaa adga of 
teat Plata m& loading a a g aaBta 

(!•) MaaiiraBa • lA^" a 1/^ fro* :w>opraaa abaata 
(t*) SalAar •» itrip eofe fj?a« »dU &t roaia <mmp» »al«Sar» 

a) 3/32^ « S^bacXa par adf« of lOata 

b) l/U" - Clnawters Dawbla atarip iei>4a by alia par 
oAga «f islata 

f* SbJjM 

(1<») 0«QIT" «*4» stock iasariad batwMia aa<i& idbda «f 
g agaaa fc iproersa «»d si3* of tast platSe Ra*ai»Sflf olaar* 
mam z 0^003* 
e» Xo sidMi 

(1.) SblMi raianrado Cloaraaoa baftwe«a sapieat slot sod 
Plata apfiroidbiatal^ 0«035**a 
lu load 

(1») Qa«a rai^is^ of yOO,QOO # taStdLog 
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V. CJ<!« im O*^ •« * 

#« «4.pili ♦■■WW •> •'■At 

•• ««tee . ■» - *w 

mMt9 ^ <00 

»#«i£ JiHtMl iiiiJS flUil 4M (*0 







SUM % i0A^ V iffkiV t 
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1* 7e«t Fl&t« Odtfirtiiition 

(X») isvJJUsatu^ logr sitovlne loctttian hf 

tenSmt 9 S «tw^. giffei m ^ tMt 
J* Can^tad Stsnd^ 

(X») Af«s^« 9ta<«ia fmt « X»4mI of 19^000 Ibi., 

M3«3 »iext» in^duMi par in okoiiis «« « kesriiontoX 

dlEVlUIld X.1i»8>« 

Swcklitte f— 1» 

Foxtr |)Xet« spoeintne wnro tmfiad to rltlmt* failtsr* in tM tMtlai; 
«pp(unit«it. Romtlifi of ib« t««i« «rt> abom in XX «nd 2X« 
BiflMrUena aond alndn (ag* raaills^ aro sbom in As^aoilx K« 

Tba faiXttm of Mok plat* m$ o ba a rr ad to b« «m tm&td in botk a 
aiii b dimtiowi. 

3n each test tlM load ms an>Xied id,th Vm hwal ponp «ad aMiei wtrs 
ixMierted betneen the ]^t« and X«v«Xi»g 8ecMaeta» KLatee X & 2 w»s 
tested nlth double lA^" diw e rt er iK>Xd«ar gaekete aol idtb the flat aide 
ei the XA* Xeeding her toenrd 1b* septesta* EUtee 3 k ^ mm teetid 
idth adn^e 3A2” dieaoter stUMme gasket slth tke groored side of the 
3A* b«3^ tomTds the Issding mi>e;mntM» 
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fmm XI 



of EycjKjiiQ tests 



n*t» S«t«s «/b 0«237 

«/t («f) 

£ 26,3£» kWin*^ 

Mot«ecl«ls MU# viool <1020 «hip |0j(t«} 
So«Badar 7 ' SiMplo *»|ipori on all 



HUttt 8o» 


Crltloal Sixain Gofo 
Loeotlcm Aron Flat* 
Cantor* 


l^tlal 

Oaflaetloa 

(iaoiMM) 


t 

(indiMi) 


Oliiau^ 

load 

(Upa) 


U 


e.Ofe* laft 


0*000 


0.3535 


35»0 ^ 
36.2 ** 




1<,32» w 








2« 


10*06« left on 
ooAtar lina 


0*{57 


0.35U5 


2S>.5 


3^ 


at oaniar 


0*00^ 


0.l5it5 


32-5 


k. 


at aanter 


o*on 


0.i5ii0 


33.5 



» Mr «eT ^ oppoaltt cldo* of tiM i^to nod nearost 

tho madma. dofloc-kloa of i:da;to mlor load. Long oxla of 
plot* 1« hcolSiNltols 

IM» tatlmto load after ronatrailgShtoniiig oad of W nanj o1»wo 
ey«l»B to loodo V^Iow a» ultdMato* 
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17 . Bxsct^ioH or nuvm 



Ackl« rr aa »n i ecC Ihdfwrm S'tafw 
1. CNaatsral 

T^^tarw 1 to 20 rwpF^mxt mt» rmaHn of m ofjfost to obtain «s 
aoeofrtabla otroM dSaiarlbattoi tX^ th« loftEted tMigo of tk« tMt iOjct«» 
Toot io« 1 (Hg« X) iadlcotod 1i«itifiat<i0ly tiuit tb* oeioliMnt ms aoi 
pK(f&ndsm MM <lMir«d« f!it tbIum of ih» craarag* straiiMi did hovsr?«r 
t«sdl to rMTX acboot ti» »Mn oalooXatod atroin indic&tad Isfjr tb« dUuihadi 
llM in H|^* 1 to 20 ineXnaiTo. S^a«|iMKrt taata ir* attaiiita to 
iaclAto Taxioaa ocoaea for th* idd« Tmriation in strain. It mst bo 
adadttad that tho roauXta of tbaao forthar toata iiora not oomipXat^ 
Miiaifast«i 7 * FairXf aid# strain irarialdoa oontlnnod to mLat in all 
of tha taatSs A auRSMT^r of oamMaiaooi of acTorago obaamid to a3*arago 
aoigiictad atralna and parooct daflatlon f cr tho naimM toata appotra 
in Taldn tHkf kppmuSix C« It Mgr ho aaid honatir that in ganaraX 12%# 
araraga XIm of the idottod diatribnti«a of tho ehoarvod atralsa 
ramdnod poraXXaX to the loidod odgo» fkm noeoaail^ of naing tho 
hydr«jlic haa not boon eXaarly dmofiatratad h»«. Taat Moa. & 
16 (Flga« Xo» X7 h X6) ahov aoattcr mt far diffemxt fTon other toots 
Maopt tiut a load o<nioetxlratioia s^poarad tm om "a^^adgo# rwi^ta 
homnrwr dopoad on tho Mi^mmoy to idziah tha L>bataui oan ba a kij o ioi Sje^ 
a paraXXoX poaitlon* Ihidar InMrrlsr Xoada that waro not naadad in thoao 
toata bet i^loh idXl ba raq^irod f«r ecapXotioa of tho taating progzm^ 
tho XooiX atreaa ooaeantra^ons jareditsod ly tho bMn ahioa mgr affaot 
tha loboami loeallgr and doatroy tho original alignoant* Such action me 
MGtmUy obaarred vban tiia X»b«iaHi mra origiiial.1^ aat op and iXaced in 
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1^ 1,^ ^ Mcl m^i in^itt •immmf 

A* «» iM,n- ^ (X ^ mmB 




^ 4Wf«ra» ^ «X « > »AXn eX 




ij ‘•-1^*1 MB ^ ^ XtfaBMB 
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position* iXso> ths Xossli ut«i in tMn part oJf tbe pro^t nere aot 
Mrrwro «acrji(}i to Mit«rialljr dafleet tlia Z^btsmii. Zt is tiiis datLoetios 
lAdoh xtm of ths jacks wm dasignod to emmsom.* Zt m» expoetod 

ff 

tint an tba |tZ«taa idih aliertor 1>*adc® dinaniigisijr tha tm of jaeloi 
iioiild not ba RaeMM77« Baaad on tha raaulta of thin tbasia^ it is 
fiat that no oonslaslTa stataoKHat tha fctnra naa of tha jaeJbi ahaold 

ba aada* 

2* StTKin Qaga Locatiocsi 

Dm strain gi^a Zocationt cm Tact Flats Ho* 1 (1^* Ifi) wars pilacad 
as elosa to tha adfs af its plats as praetlea:^a as it wss aiqpaotad that 
at this loeatiaQ tha strain rariatton notOd Iw a aexSjKKu to tha 
idia vnriatioi^ in strain obsarvad^ It is baUsfid that fnrtlier strain 
raadings sra naadad fron imro closaly spaoad gacM batsaan jack poaltlona 
in order to txmea tha raasona for tbasa vsriatioos* It ahould ba pointad 
out that vhara tha 3A* Zoadii^ imr is nsad^ paak strain rasdlngs do not 
slwiijs fan vndsr jack laoatlmni* Also tha jsck foot its^ (mm Fig. 27) 
is not solid soross tha leadinc; fsss« IMs naar siw nsa to sons strain 
vsxlatioRS aapacislljr idMit lii^tar loading bars sra nsad.. 

Zt is axpaetad that tha strains at tha siddOs of tha tast plat# iioiild 
ba conaidexahly nodaratad throagh idiesr aetion «7«& idM« 'rsrylng sd jscaat 
strains sra raoordsd nssr tha losdod adgas. Zt Is tha strain at or naar 
tha ciNRtar of its plats that is of prinaxT intarast iiis» tasts bacSOinf 
sam par f o CT u d * Further aaqpsrlaBnts should ba parfansad to datandna 
validity of this assumption* 

3e Fmrfomanca of S(jfdrsiaio ^ks 

It is kaoHQ that tso factors ara |xras«nt shlsh cc»ild af f act tha 
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ct mestioik of rxty 

Stm to 4*^^ msy coam'lMttC'il^ vitkl^ ai&s ^iKsk %lt^ 

loii«&a« Hm zatuzn lIs Eort pro« 

^a&& iimutioalL vttimm Teremtt^ for aecmel vm^tj, mlLfcoOKlt;^ 
tivsi plua«cr r»t»ro tprl^ is of llttls beao« It oamot 

^ asrwMtd that tia* iBsa^^sois^s^r Isas tsOa^st aii»«ei«Ll eax« ^ eMialiai, r^eli 
^a3ifdmity> 

^ rasulto of 3 to € (Tics. 3 to 6) m^'l. iad,lo«te t>iat tls^ 

Xjsmr 4*ck syst&ss. p«rfom^ letter tte^ -^giper s^>ste« lita 

T«xi«tlsiss ia stmjUfi al«a^ ai^aasad to Ini loss m 'tSai Xonar placte <»i#io 
la ^a-ilar to diaat; IMa iatioaUm ms& to oIm^ ‘yio |aok m 

a l^eats Iba. 2 j 3 to (f%K« I0j» & 13) aasa wm idth a iaat-ia^ 

bar l/Vo" ia tMokaasSe tSbie bar mi«ly aaro^ tc b&ld »»£« 

aaata ia h*ismmk iim 4aoka. Wry litt^ 3oa4 Sistslbistis& %j tM« 

bar %m asepaotod or f«M@A» BaWarriag to fig» X3 it «ioisM 
tla ladoi fsaieticniiid aislf&£iily» o^iiesrlag tliat po^iibla 
ia aaa^ of -Uw atraia plotted is of tba osi^lKr af 

par isisis, l^st basalts «r* &'^^Simm tJMii tl^ j^Nsles sm f*xm<- 

tl4»adj6g psta^orly. flui Im m€ent csf tio saitSiais to ceaf^tad 

«wr%is iitsala Itas so partioidar aigaifitasisa lutrw slaser tbe snNM&» 

iM&t taa4or aadi looatios^ m» also %s»iiis:r tSw hoSJoir part of tlw 
foota tUmSmm m«Ms^ oesiar oon sad oaa<4»lf iasiiai ce 

aiit^wr aids of pr»iM«ut gi#» 4ta9«!s^U^ pn^siaaly oa tite 

raXatiw positicst «f a«<^ mgftmst iM tba odtioal ayraa^ 



4« of Oasjasta 



it ^s!3|?art*oa of figB» o»% bo imda to study ^ affsoi 
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of TiadUsg ipftskti jutcsrloX Vm Xoadod odgoe of 1^ j|^^« frm 

fi4S$* 1 It 2 it o«R b« «Mio tkftt th» uso of » n«opr«9» goai^t wiorioUar 
ro&MMd tfca atrada Tarlatloa* Canipttrlag Iig<» 3 idtli fif« 2 it cppoasrs 
tibit «UM of & Biaf^o Mdjlsr lijro g.««ic«t f&rtaor rodooM thoeo 
imriatiost to « mmII «ct«iits fij^» J «id 1$ ahsir iittio cksms^* 
rmnUUA fetm a«tz% « doilbio VAVmp tboa « to^bdor vis9i|»» Shio 

eo^;>arlJMHi i« oonqplioaitod Is^ t3a» im% tint ilis flat addo of tb« loaiijag 
wm w& ia 

It oaoMB ofidoot tlwt part «f tlat atraifi 'fmtksMmm «r» d»o to 
XMMtl tSMrvBQMS ia tlM ^Lato or loadtia^ taf m»& that tbei affoot of tliMio 
poiata OR iim rtmio diirlallratloa tan to rodosod isio of a 

gwricot antorial« fUo aoldor gaakot tppmn to bo aligkl>3jr bootfisiai 
ttoa a aoofrwBO gukat al1^n«itli VsSjt Mttmmeim mi^ imm diMagrpmsid 
mMn^ If a thlak»? aooproao ^l»t wnro oo«4-« Ibo raiults aXoo toad 
to inlisata tto aidhdaittoilitar of t^Klag jmv gisUot aatailiid. for ooobi t«Bt<» 

Slao aad Stapo of ttm Bar 

A eoaforii^ of ^ ^ iadioatod that tto prootaoo of tlio 

3/b” thiidc laatUag tar qoito Xoc^ooH^f tondo to brUgo tho go|» botoooi^ 
poiisto of load apfitlaatim vnior oaoli Jaak Xfixt ±& m doing istts«o^^t«8 
loe^ atndJi oariatieB at <»aa«id«ri^Lo Mognitoda* 

attoopt m» aodo to dartoroiao if m tar alao aad atod i 

batoaoB tha too artrooi alaoa vmA i» flga« and t^r iaaartlat t«x9 
of' iatamodlata alw«. (Sao Jlgi« 19 it 20«) Ito rooiata ©f toot® 
sooM to ijadloate that ttiakar tar idarald gloo tottar raanlti tmt that 
tisa 3/S* a 1 lA” tar giooo aoooptatXo roasCtta*. Si»s»o tSm ^ts taatod 
tiaof tho vidaot apaoixg of «X1 ^ |>Xat«a ia tho toat progri«i> 
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fcitfVift ^BU «i9 •Mi' l Alfci^tt !■ ««ft|| Ml i ^ ^Si mt0 






tS laridisliJi tiui 4^ks idXl d«S7e««t m ^k» 

yOMIi5ilTl,TI>C 

lAoa SA* iMdi^ ft elx5»li»» m iMiiSi face 

t« w»$ Hftt er gr90v«d» fterisr tfwi'tts it vm f«ilt lini 

pMiMia ftf tta ftt^^wRiift ift tlift pmfw wmj- luav glTva sic# ia loeaX 
•trftiii v«rlft%l(mi« tlsft £Xct iMa «f tor me luiftd i» 

cp9«t tftfttfto A e«M|NBrt«0R «f fiffto 3 It b»n«r«r iiieifiM tiixt littlft 
dilf orftftftft ti ftteviit tiriftlieii ftm bn «lbribi£tMMi ta «£f asta 

AtHMAUT* tborlnc ^ bse^dlftf t«itft« it iMft famtl tbiit it i* »a«ft«g«iy 
tft ftftft tiMi ipco&rid sldft cdf tfeMi iaatllise bar to prawasat IcbrsX 
ef thft ILoftdftdt ftdfftft vtm mmm<» 

6. mrn% of SidMi 

A a1i%a^ af Hi:** 1»« it IS a«Mit to iMLoato tiast tho pe*<Mi«iao« 

«f i^aiJMs 1mm littlo «£f «oi «ft tbn oismlsi wsiatleat* HorMirrir it la f<^i 

gspoeffm in tbo loaiii^ aftgaMRta «r» «pp«oad»«t«^ l/3^ %At2*£‘ tioa tko 
pOUEto thiekziaoftj. Ihi proft^iMi «f tlse ftMmt 4bm3^mmm tiM 
of «e««aterie loaiiliic ^ th« plftte W immmixs that thi» pl*t« o^ is 
oatsterod it or watiar ttao radiaX o«ot«r «f tho Xeftiisii ftOgMasito It 
fiisthiar aiM in itr«i^i«RliiK tha adga nbm th» gmmw& siditt of 
XoailjiK bar i« naed» 

?» Sffaot of looibjaf Sagaaastft 

too toftti ? it 6) wm?m rm id'titoo.t «a|^iia.iNi bftt mith ft adaoat 

Xfttti gMltftt«betiiotii tht itXat* and ttio Xoadlxag hmt* Stralii wifttkaift for 
thaw* toiibi vara goneradlar wrt« than for oHier ogeg^Mond^^ rom* It is 
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difficult to tbc effect* of the ctwo^e In eesl&et mteritX w)d 

the effect of the eeigaectte. fhe cceihlmtioa of effects Iioifever ewmm 
higiher strmia emrlstiooe* It ms felt tbet the purttet aetexlel ueed 
h«3r« (leed z«ef fluthlac) eeaeui too stiff m Mterlsl &ad its sHtmA 
wsaktti. that of the e«aecxite« 

1» BosiOlcg Be.ta 
1. General 

The ooi^ariaon of the critical atreea of the plate apeclaMeM with 
that of the theoretical predietloae (See Table XIIB) was aoit gratif^sg 
aetd ccsuftltuted an ievortaat phase ia the overall evaluatioa of the t«it 
ef^paetzt. Althou|^ evideaoe of a ccacrete nature It laehiag these 
results tead to support the rlev that both the «trtas distributlo& sad 
the achievenatxt of simple support on the plate edgee ms satisfaotorj 
at least to a practical degres» Further tests stH^tld he rua to support 
this vlev. Xtt psrticular a separate test perhaps irlthoct "a*'*s 4 se 
st93^rts i^btculd he sun to check the action of the segiasnts to determine 
If rotational restraint Is present. It is felt that fairly hi|^ IsmmUrs 
would have to he developed before may apprecisS;^ resisting: aosMat eotUd 
develop. 

The remdts of the hoadcling tests do sot cospletely allay the 
heoaions developed vumSct the discuselons of vmifoas edge loading. These 
results do> hcwevsr, provoke the thought that the degree of unifomlty 
necessary for unifom buckliz^g results is not ss stringent as hwcmtofere 
supposed. 

So Effect of mtiai Sefleetloas 

It viU he noted in the results (Thhle XI), test Plate Vk>. X failed 
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« coiwid«r«bly high«r load than th« rmaining apncimana* It aiheuld 
alao ba notad that tha ori^inaX ttltiaata load bafora the plata vas 
straightaaed vuls 1200 Iba. lowar thaa final xiltlnata load. Unfor- 
tianately toa faw strain raadlngs mr0 raecrdad praeading tka first 
nltiaata load on ’iddch to- base an estlaata of the critical leafi. It la 
beliarad howrar that the dlffareaca In the first and final nltinata 
loads can be explained at least In part b 7 the fact that la reafcralghten- 
Ing the plate^ a cos^lex oontoiir of the plate carface waa Introdnoad. 

It is beliersd that the strength of such a plate is increased dependijiag 
on the wsomt a»3 character of the departure of the initial unfairness 
from the flaal deflected i^ape of the plate prior t« yleldiBg. With 
single support such shape is usfuall7 sinusoidal in fom. No particular 
correlation berbwoen initial saxiraKCB deflection and final ultiiMKte or 
bw:kline lo&ds could be found 'idth the rtMsaining plates. This tends to 
st^port the belief that in Ihia plates character of the InitiiO. contour 
is an owrriditsg off set when considering the strej?gth of st»h plates. 

3, Action of Wide Thin PXatee Under Edge CoagMresslons 

1 coiQ>ari»on of Euler *s coltno forasila «ff»d the solution of the 
plate equatloa for the critical stress tndleate that the only difference 
in for» except for the PoIstoh effect la plates is the value of fc in the 
eolutlon for plates. For wide plates this value is v«ry close to erne. 
H «?»0 one would expect wide plates to behave very «ach like cduntis up to 
the critical stress. An insp«rbicn of Pigs. 2ii, 25, k 26 indicates that 
its test plates behaved very m«h like eccontrlcally loaded coluMns where 
the deflection grows continually under increasing load, Under such oan* 

> dltions it is scae^diat an artificiality to att«aft?t to define a critical 

*■* itO ** 
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STRESS VS. STRAIN DIFFERENCE 
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FIG. 25 

ST RfMN DIFFERENCE - load RATIO VS. STRAIN DIFFERENCE 
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LOAD \/S. LOAD-D^/='La~CT/ON RAT/O 
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^ciekliiic Io»&. SowriiHr tte &*e«s8lty «3dst« it to tho 

thoorartleiLL budtllag i« to bo m4«« Whs lc«d hov« 

eysT; tMa cft«« Is tk« ultiastt th« occumies of is 

coiscitoatsl vitlt t&« d«yelo!pMWQ.t of s plsstlc Mn®'* i&> 
slwnwii of ths piste. Bleleh (^Hef . Q, p« t?5] ftlTes s prediotM vslue 
for tlie ultiMMte stress ia vife pistes tsssd oa 9<srsuuerr«*s Isrjpi 
deflestloa theory* iseh predicted vslucs hssed <m CTy im& ^or lesd 
to shsurd vslues for tlw pistes tasted since serjnptioa thst the 
piste riselffle s rectsei^e is not eslid for these pistes* It is Relieved 
however thst 31eich*s predicted vslues of the critical strees for the 
reHslaiag pistes is the test prosren viU he extresacly raluskle is 
slertiag the eig^rim».tor to ispeadlrtg failare. It sb(3ald he acted 
thst the euthors fidled to ohtsls s sufflclest ouedier of resdls^s just 
prior to the ultiaste load os the piste, tlie chsrseter of the losdo 
deflectiea near failure plsye s large pert is detemisisc the theoretioel 
mlue of the crlticsl stress* 

4. Cslibrstios of the !!!estisg Mai^iise (See Aj^tesdlx e). 

WMle this topic is not strictly Is the sstare of s result it doe# 
imen s hesrisg on the validity of ttie ccag^crlsos of huekllag reeults. 
fhe difference hetveen the load isdiested hy the teeting; Machine ead 
that imUcsted hy the hydraulic Jack pressure at tlw eaoifcld does not 
necesasrily prove aa error exista hut it does sdalt the pesaihllity of 
such aa error* Xt la espeeted hcraever thst aay cerreetion if re< 3 uir«d. 
will he wall since the three cages on the asehlne agree very eloseXy* 
Before future teatlng proceeds however^ the testing saachizM! should he 
cslibrsted* 
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•I AMV It aMttpvf m0 »X m»m ttMJi at ^tw* 

\ m mj ijpA< ^ MM itf iMtmSJtmsmo xljia^enti 

•mtrn tartiiniM « 4 [cT*^ .i Mft to ^tml* 

-xt ■■OBit **<17 si assB^s oMnitlu mM <x«% 

WbI wD !*«« '~P « •wmm' M^X^r /fMiK Mt;t9*i!)nt> 

*4> •MclS ii— .t Mil rnulmv Mustfs ol 

»t A — Uti Uisv !«• fti MMttas « mxmm ofmh^ 

Mt «« wifik nnc. % sMiS«* tsn^tf t<4£ii;»i8 #id.t immm^ 

iMalivi MUft MSI isin u a^ J M *>‘ ^*sM| * *tAi< 'sma ar^t&ooltmb 

iisvwls axil ‘Sx* auXsT 

.(S cU9isi^ 1^) vrittASI aaiAIsA to aot!i9Z(SlSjBQ 
^M* ;u^ • ^ •9MIV aii a; jm. t.- tifsi •ix£l •XiTt 

»if i— >■ t ti r-— is> It nM »a» y «s* >£> vajtilijM Mil sf ffthutmi s «a«i 
iM — viiMb? «si \5 ^iM * l * s l iaad %Mi s mmmI •ofans/Ttift m® 
MS rM* a ti4.M •SJI rs aiXMiMf tiU !>i^il!>f?l Mt 

V MM «ri^M SHS lU U« Simlto Was M 9T^ XiitSNReMMi 

w.u^ 1 MaJM-sass ImI# X irt— I > ilw y si IX »rcm* m tSdm 

« 

Rk(i«i«a WKftw0 »• tWSWf rtsitiTH iMM# s*mli4 »%cn»€ 

,i»imjAlim 
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f. c(amMi(m 



la 'RiHi load diatribtzfcian parovidad bjr tha ta«t apptniia la m% comk- 
pletaly aatiafactoryf liowifar oortida lataa? aoiiel«uil4»s« oa» ba drawia 

«* ISm bydraoUe fsBaotlonod as V9V aoapaotad tOg 

althcragh tbaxa is aot sno^ij^ data at presaat to oocoluda th«gr 
ara naoaasas/s 

be Thara sas no ganaral slop# to tka Man lista of strain distri* 
batlon} ratbar strains Tsrisd about tfa» eo«{nitad avaraca 
▼alua* 

c« !ths attff^iaas of ika loading bar is an important factor in 
load dlatrlbotiott and acta nkiah ia aabjMt to lora stud3r» 

&» factora other than the Jacks prodnead aarlous strain Tiriatlons 
as is avidsnesd the fast that ths strain peaks shonad no 
consistent tmdooc^ to ocenr wadar the Jaakt nlian the hmcriar 
bun nara ns«l» 

•« j[.oad distribution la mi nsrksdly influaocad Iqr t7P« of gasl»t 
mad tdiaihsr or mt bhim ars mad} howrar a new gukat should 
ba uaad for asah tast and iMne siiould ba usad to radtuoa 
aoesntrioit^ of loaiding* 

2« AXtbough no spaoiflo tmrastigatiem was nada> it is tmtativaly aoa- 
alndad that Bisqdm support was ebtalnad^ in rlsv ef foUoaing obsMmu- 
tisnsi 

a« finsl bualdad eonfiguration* 

b« Tha fact 'Utst tha adgas r«a«inad s^naight avan aftar buskLi»g» 
aspaelall7 sS»n the groorad bar %»s usad<» 

13mi rasultant critical atrasses*. 

"• liS *• 
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3» The «qtd.p»tnt i# eaaentlftUy aatlafacfeoyy for p<rae®e<!lng ■with 
testles* 

The grooved bar should be used Tor buokllng ietts« 

5» The stress distribution at the «ige of the plate Is not extreaely 
critical for buc3ding tests. 

6« The bucklli^ and ultijute strength of vide thin i^atea is sot a 
function of the masdesa jBeaeured mfaimees alone slnee the initial 
contofur and past historr of t^e plate amy have overriding effects* 

7* Bus to the difficulty of keeping Initial deflections snail idth 
respect to the thickness for these plates« buckling loads eanmit be 
obtained direotly but »ust be obtained by extrepolating the data* 

8« Wide tliin plates «et Uks eoluans and their strength is affected 
but little by the presence of sui^art at the unloaded edges* 

9» Contingent upon the previous eonclusions* vaXuid>le buckling date 
was obtained for one aeries of plates* 

10* The theory as presented in Bleieh (jS^ Is supported^ Md can ha used 
at least to prediat the i^^proxijsate critical loads for future expmri- 
nentel works. 

IX* Insufflolent data was taken in the viodni^ of the critical load* 
12* Insufficient data was obtained to analyse the growth of tmfidztiess 
in the platee. 

13* While no conclusive evidence aidsts^ th«re is reasonidsle doubt as 
to the eocuraoy ef eelibration of the taeting tisehiiw* 
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VI. RECcMKEammcirB 



la Furtiuor af the distribution ahosM h« m»i*y 

«ad Attempts auide ta imptowm it if nudng a pOLiite mitlk 

« l«rc«r thickBAsm tmA iOMller a/t tmtioa StrdiM ahmiLd he 
MNumred at ose edge (jui befard)^ at the caster Urn, mi 1 a de» 
tail bettMMtt ta» adjeeeat ;}aeka both at the edge aad t}» oentarllaa 
to datamina w>r« oeapXately the aatwre of the dlatrllmtion* 

2« Further teata ahemld be condustasl to compare the operation of the 
apparataa iNhen the h|draullo jaeka are need and liieii the loading 
bar boars diraetlir upon the I<»baam» 

CalsaA taata ak>uld tm rm (no "a^-adga aepporta) to dataradj^ 
shethar ainple ani^rt la dbtaiiwd at the *b” edge. 

The teat flatea idll be mseB aoeurately eat If aantSblaatlsg la done 
before the edges are aaehltutd Inatead of after. 

5e EXelidi*a theory aheuld be atUiaed to predict the eritioaX load for 
futare esiperliMatel aork. 

6. Hore data should be obtained 1a the region of the eritloal lead. 

7. A dial gage nlth a longer trafel la »aee<Mia£y to aeaavre the p^irth 
of mfairatees m the plate la leaded. 

@« Before mam teats are aada, tha testing mesMna idaeuld be calibrated. 
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A, strPFiia^XAfir urmcmicticK 



X, Project 

FrwwHst«d bareia is « psrtdnsat sicssrpt sf Fro^sst S»9 of the Sail 
Stm»turss CsMittM of tlis Ssoisii' of KsssX Aareidtuots mi. jUisdao 
ibigiBiNKm« 

Praposal 

Projoet S»9$ Sosldiag Stmctb o£ Sidl Strvest;ixe«si 

9 JiprH 1953 

"Zi Is tho cfdal«m of th« S<»9 poRol thst porogross in tke snibjoot of 
Hs» bneldiag sts*oagth of Isill strnotnxHNi my boot bo oeoo^pXishod bgr o 
ocH^imtiofi of Xlbrorjr i«l «q^orlMiital rooooroh proforaKl^ ocrriod ont 
togoti^ to sfold dbapXiosMon saif «t ttm osms tlato^ to anroid vmia» 
dalty<, th* too yropossls par oo oniod «t tho $ CocsnlM»^ astotlng of tbm 
BglX Stxootsro Conidtioo possMooi tMs biXatnoo» Since ^ foads aisio 
cvadla^e 4o not poxolt osziTiag out tlwa dasl pivogrm proposod^ a w»?e 
nodost one based on tbo son* eonsidersMcns is sadodttod at tlds tisaoe 
ISw doslxod srast of stiaijr comoroe tbo baluririof' of ^fdasmital flat 
platos oMior poro ooiaprooslTS loadliig* Bona far tneh gooMStrlcoIlF 
sij^ft elcoMBts onft XooAings thmf Is aXsaost no knosn eaqporlMintal vori« 
ficsti(»t of tbooxT in tho ru^o clnursctitristie of traiurrorsoGlcr timasd 
ohip |s?opertion8> ^^ss to this foot is btMma ont My tho wctoeisivo 
v»» mid« of }lanttoiiorlo*s fomdstions parooantod bofero tho Soeiol^ of 
K«ral ArchltootB of Js|>an in 193^4 ihieh novortholoos do mt opprctximift 
ship oosditiems In that 'Um short tmlxaidod odgos of ths platM nor* 
tssr«^portod« f^irthsmoro^ in iMs rang* any data dintinpdshing hotnoan 
ImekHng and nXtiiMKto loads is sln»st Bon»exiJt«iit« 
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Sm egecrete prqpcKMl bara moAt Is to t3qg«£i«mtsl 4«t» f<xe 

fl«t pXtt«s «is|»Xgr m^portad m «3JL f««ur <Mi#as «od s^jfeiMftpi^tly tt^r 
loftlst «dn»s slAStioclljr r^pportsd iga lo ^ isd «e4n»« siHply sm>E»rtsd 
foi* fids rfttios (a/lp) of .33> *1^ a^d vldtb«^ciiaess nti«» (1»A) 

of ?0 ttmA 100. EXsstie «d 4 pi T*Mt£KiaX oooffici^wxts of *25 aad 
per p«#» 436 of Bleicb’s titrmg^Jh of Metal 2&ruct*asvis> ’ cue 

cc^teeplated for clestle esses. 

FoUotriag a tbermiii^ literature sesrs&k «f tMs restricted axes of 
tbe !ms3{li!s& field, s^cii tests si£^t seedily ibe perfomed os pistes 
1/S“* tliick by 3 ft. wide (dbeat lA si»«).» 

/s/ J. Bimy Sv«» 

CbeisMeii 

PstMl for Prejeet S-9 
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2» Buckling OM N tay 

Tha fwdmwxlal gaMsral % tkin £Ut vaidar tte 



mUm of foroM ia Ito adxMXo fXMom, viioa tbo daflootlon w la mmH 
mmpmttd to ttM tiilsksM* bom <5«volopod b/ Totooat o 

•troiA «n«rg7 aniilTiKis opproaob. 
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i4mto (T^ «3»i (T^ iro tho nonial atrooMS in tbo x iiad diroetdms aeri 

T is tbo oiMor siroo«» Tbo l ao— n t of ijMirtia ef o uiit ti^p of 
ajr 

plfftisi is X = ^ 9 £ in Xbtasg^s Modn3.uSf sod is P»issen*s retlo» 
Uboa (T > 0^ tho oqsAiioa siosOlflos to tlM f om» 
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( 2 ) 



leQLcish Lftl has soggMtodi sa m^piirioal Mdificotlcm ^ otioBtisn (2) for 
all oososy «nm tboss liMers th« eritiosl stross mqt «x9Xsdo tbs propor« 
ti&nil lijiitd 
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dnso it prwients m widfts* toXntltJi^ «tii el»se difftrimeo b«tn»ia 
tiw rMultt of «£ts«tioBt (3) tad (It) 1« 3»i yiarr C^rast fer tuoh pXatM« 
7h« goQcrsl ftolatioit of « 2 uatiosi (It) ia 
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«ai it dkrreleps t^t nhoo ttM boondsTT- eonditlcBMt of »iH^* svi^ps^ art 
t«tUfi«d» tko follcmliig obaraotorlitie «q:stiitiiosi is obtainodt 

ae, - de.-fe*v -r f = o ( 6 ) 

tH^Kro ^ i« tba oo«fficd«8it of odfo rettarsiiite 

This •qmtloR ylolds cbaanaotorittlo TaXiaos of ^ at tihiek tho |4ato 

ohaiigoa fr«nt one eoefipuratim to another^ tlio loneat value baibie tb® 
teldJjig streaa, <T^* 
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SIid«h prMmtt ft tftbXft ef 1c valuta fer of 

mAf [Rot* &0 p* Ii3^]<> fox’ i^fttft* ftiaqjljr 8u^ort«ci , 

Scdutlm et eqitzfttioa (3) tor oesdiMens ot oiaiipl» irs^spoH o% ftU 
tomr «dg«8 sivwi iim ramsilt 



nbsrft n 1ft tha mm&ios' ot hiil£»Tacirm in Hbo bit»sklod thapAs 

3* Pftt«r«laKfcioa of tsskUng l^id 

tlw t^rfttical b\^klis% load is th* load at idiieh tlift pl«t« 
snddsEiljr dspsrts trom its eonditlea ssid assnses a btt^d^ sb^ 
wltfe tMo«diiaseeaiocwl tMs load e«a ho ealiOizlfttftd bgr 

ia« thft *lftaat Kork'*' spparoaeh iiEtrodaoftd Klrshkoff oxd a^iad to 
jplatas 1:^ Br^iou In practioa this ph«»oM»>oa asjr xwt ocoar ahr^^ptly 
doi altha? to Initial **txi9l«xsKMss* of plata^ or to 'Uia fact that 
tha yi«3ld point is raachod in the fibers of the plate before buckling 
eeonrs» the bwklle^s load as obtained in praetioe aust be a rather 
fietlldotai ealas fosad bsr oom lees direet siea«s« Ke^iodo availsble are 
-tiie ’^top-of-the»knee*' nethod^ the ’^stress-^c'eeiNreil* nethod, 7asta*s 
aethod [lS]f Ioebiki*a nethod 60 » aaid S<mthiiiCll*s or Bonnell^a ne^iod 
[iiS] 0 [iS] « Ibe tep«of «the->kne» lurfbod di^ends npon the rate of change 
q£ the lateral deflteotion with increaaing load* This defleeticm nasr be 
naastored direotlXj) or the bending noaent in the plate as detersdned 
the diff erenee of Ua starains on oj^slte sides of the plate esgr be used 
as m indLeative vslee* Hie atrain reversal nethed dafiai^ th^ balding 
load aa that at ahioh the slope of ^ straln>»load minre for either side 
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ff ih« srwnsTMs direetlKko asttuid ia iMiaad %k» 

ahortttcdi^ of the ipltto la tlio direetioci of tho le«d> and oould be 
lulled idth diffLeoltx in thle imaotigctiott ainee it ia baaed ^xgm 
a *c<Miatiai<K!a£l»etdaa afipUeatien of the loada Xoihild atteaiiited 
to aooeiitoate the chaise of alepe la the lo«d<>4aflaotion mrm aaed 
la Hm aathed bgr piotting diflestlett^aqaared vexwu 

the leado 

SoathMiX*# Method is b a a ed the bendinc «f a eoXasR ahleh hae 
mum isitial seafairaeesa StartiaK «ith the baale differimtial eqaation^ 
the fbHoviac exixretaicm eati be arriired att 

yPer-t d, (10) 

If a plot is aside of ^ in» d p the sle|M of the line ia the iamtrm ef 

tha oritioal lo«i, as& tha intaroept on the 4«aaia la the iaitial dafleo- 
tiett do* 

bono^ hae dariaed a ^nariatlciQ oa Soatlraall^s aathed id^b:h has mm 

p 

adrantH*** If P it p^attad ufainet 3 [ * * line le obtained nhoae 
a<taatioa iat 

hr ^ (XI) 

lha intereapt on the ?»azia ia the btiokXbag load* and the slope is the 
initial OBfaimeae. 
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B. BSSAii^ Of fwcmm 



1. of tbt f m omn Am 

ft) Gftntxml 

!3Sae tKor^my of tlKi pertlasni UteTfttus* isdiasted thet 
PoIyeXrotM T^] ftod Ciyposxoll tXSj h«d tested plfttee of hiji^ tft* 
pect Xfttioe ftt IfMftftchuaette Ijastltute of T9dos)dlc&» S^swent 
wBft dteifned ftad built to provide aijqple «\^pport of tbe xnloeded 
edd»a. ntl« e^^iipaamt Wfts Mde ftirftUabXe to t)d.e ps^Jeot it Its mm 
proved fftftsiblA. ISse total leagtk of ev^s^oart for each vam 3^**; 
hence this liadted the total length of '’a’*<edgea of each grot^ of 
plates to he tested if these support* sere to he ^.nsed. A ohazt sas 

VV ft 

md* of the ratios m/b, a/t aad t of the plate mpmcimmsm using valsjcs 

u *f 

at t for staadard plate siaes end lixitlxig the ^elniess to 
the BsxlauB espacltj of the sipipoxts. 

lEhe MKiasa capacity of the aateriftls lahoratoty tydzsulic 
testing nachiiMni sas 300,000 peunds. This placed an upper liaalt m 
the sise of plates shlch could he tested. 

With these two criteria, i.e., the total length of W'^dges aad 
the testing mchiae capacity, the plate siees sere selected sad are 
presented in fi&le I. 
h) B.Sd«ea 

Since the Xcr.ge8t eelected plate sas ^.75” i& length, the teat- 
ing Jig Must be shout 5 fe<»t in length. The upper head cf tbs test'- 
Ing aachlae presented an anmdar htwrlng surface iS** 0.B» W 11" I.B. 
The loser be«d sas a & foot square. Expected lo«SI aoatyses of the 
propoaed plate sixes indicated that sl«e 43 .75* * 10 . 15 >** x 7/3^" 
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ia|)of«l tiM s«r«r«et ceadition m Jig both «tr«rigth-wisw cad 
Atm the standtpolat of dlatHbutiog the odge loadljgf e 

frcUadiur^ ecleulctlona IzvUected that allentiHI c str«»« Tcrlc* 
tloB of $% ftXoRg the loaded edge an X«>bec» of «$>pro2l)mtel3r 12 feet 
ija depth woold bo reqtxLred to bridge the gap front the heed of the 
teetln^ iMKshine to it3*75" l<mgth ef i^Acte edge. This eae in line 
idth the mperleaoe of i!h» fievid Model Basin 'tdwre coostent 

displeeeantit heeds of the sane order of Mgaltude Hire f&md tieeeesiaT. 

It wks felt that a »or« praotlcel aolation would ijavoltne the 
usa of hjrdrcalle aeens to dlstribata the load. Aceordiagl/ It was 
foand that catesrcial 20*toa I^draulic Jaetoi could be fitted in tbn 
testing Jigy eeimt on each edga comeoted to a oowmoq smaifeldy litieh 
idian backed by an X-been ef i^pqproxiaatidy 15” depth should lawnlde a 
solution to the problou Xhese Jacks could be plaoed along the X»heaa 
(See Tig. 27) with different intflorvcls to suit the partiewlar plate 
alae. It was fouskd that theaa offlimarclil Jacks (Sae Fig. could 
QomallF ba eaqpoetad to withatand a 10^ overload. Conaidexlrig thia^ 
aeven 20«ton Ja^ would agual the rated oapecitr of the teating aachiney 
i.e.y 300y0CX3 pouada. 

Thera atUl renaiAad tha problan of eourerting the load from each 
Jack to a acre unifora load on tha idjite edges s»d atUl aalatalnlE^ 
this ed^ as alag^Lj supported. FrankLand [19] manly batted the afuare 
adge of the ^late egainit tiia flat loading lead rtdjrlz^ on frictl<»i to 
prevent lateral actiani Toshiki [60] used Ihe siaa arrai^naamt esecept 
that ha romded the edges of the plats to sdidaia* the rotational 
restraint. 
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Siam botk tbts« »»tho&K moeftsltated rsxy ciMtful mUhinhag 
ef tbt piste e4(p»«| it wm felt tlutt tte «saw xesult cciuld b* sc~ 
coMpllfbed by utiiis the idllsd «r slotted, cyliaiere vtiich wold fit 
over the ed#» ef its piste seA besr cm s loading be? vhiob eonld sloo 
be used to bridifit the gsp between the 4e^ls. (See Fig* S7) !£he 
eyliatere^ or loediag eegeeatc ehcold be reetrioted in length to 
sislKlse toreioasl reetrelnt ob the losied piste edge . Seth the 
eef^eixts end the b«r ecatld then be bsrdened to resist defonestic@i 
lader the hl^ loeding st the point of dontset* IQie losdljag bar 
ess ground fist os oae surf see sol fist eith s shsHew groove in 
the other surfsoe. It ess believed this ggoow bs zwosseery to 
restrict Istersl ■owent of the piste, 
c) '*A”^Sdges 

In order to sveid trsaseittsl ef loed to 1d»e **s”*>edae sui^rcts, 
these supports sheruld be eeeplete]^ independsat end noented free 
fros the iD’^'^dge losdiag srrsaijeeent* The **s”<«dge svpport should 
prevent Istersl action of the edge of the piste ehile pexsitting 
both rotstlon and trenslotion in the plane of the piste. 

It ess found thst the ”s">edge sv^^rts dosigatd by Polyehmw 
[i)0] end aodified by Capossoli [iS] pezaitted freedos of rotstlon of 
the piste edge for dbout 20^ on either tide of the piste axis if the 
ball tmariug rsees were persitted to elide on the olasnel sides (See 
Fig. 29). The ball besriag sipport siloes trenslstion in the plane cf 
the piste end csss be adjusted to the thiekness of the piste by the 
use of spscers between tlie rsoe enpport and the channel, vith the 
final adjustasnt of the desired pressure being seooepllshed with the 
th»et) screws. The dbsiiacls are held in place by an errangneent of 
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«fid turnb)»elil»t Goan«et«d mg^o iron bs:«Q<Mi rig^^jr attaelMd 
i» Urn trmm of tbo t#8tl]i|; Miohi»*« (So« 33) 

Tt» two *a*^»«Sg»s ocexMctod to ooeh othnr luafl* on oltiMKr 

aldo of tb« fOaio to pst m a k tho frcw allpfxiiig off tit* plat* 

*(3£«» Tb*** m0AO 1»oth iwr* oas odf* planod to tanr* m « boo* f<»r tb* 
olidLag dial gag* with afedlah aetaal d«fl*eti(sa ■*aart»nMM»l» (d*) can be 
read. 

4} %dxmUa Jaoka 

Si« X«*b«aMi •mn both akisiMMachlsod to paroridia a flat baa* for tb* 
bsrdratalic jaola»« ISt*** jaaka are fortbar bald in poaitlon b/ tan angl*a 
&& altbar aide abiob axe bolted to tiMt X»49ean but b^ the jacks 
clasgdng Adotlon* IImmm aagla* ara alotted to acoo n e ad ate ’yaa bydraulis 
Httiage m the jeak poaitioai ere obwaged« The Klaoldaeak Ooi^aBar# waiyt- 
feotume of the hydraulic jaekSji indicated that reasoctably' eqaal preeeurea 
oavdbd bo «c|>oetod in oaeh jock ahen eeveral imt* oonnoctod to a ccsBaon 
au^ifold* SooM slight Tariatloa in daBdeorod forot» hetmtwtt mn^ bo 
*K|iectod frcat Taryirig friction laode in the dtffarant jacks and ’caryiag 
back ]^re«a«ros croatod by the taaeion in tho spring of the piston ret^sm 
aobhaniaK* 

Daeh of the sanran jacks along one edge of the plate mm ovasmikad 
to a naalfold aointiPaetcsrod freii 3* dianeter cold rolled ateel« (See 
Flg« 30)» Xbia atanifoM also had etstleta on ahidi a pwgt and preowsrt 
gage could be aonnted. (See Fig* 3li)« 
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yroo»dbaf for Setting % 

In order to faeillt«t« future uji« cf tk« oqudpnent a brief d*8» 
erlption of ttn* sethod of utiMitling the test equipisnit Is fiven* 
weight h«adLing equipment eonsists of « ehsin hoist md a nsrrow four 
whsded truck eidch will fit stelly bstwiNm the frsns of th* testiiig 
Ni«$hlne, fhe steps ire *s foUowst 

A») ^th the chain hoist sliag plsoe the upper X4»e«R on the truck 
end move into posltloa ia the tasting nachiac under the upper l»ad of 
’Uta necMne. A lA" shi» will be found between a spacing ring elsaped 
to the I«besn cad the be«s itself* this shlst should be towards i^e 
window* It is conranleat to lift the wheels of Xb» track over the l^e 
craetad b/ the difference im height of the floor level and the lower 
heed, bgr Means of a Icrer. the wheels are th«a blocked up to the proper 
height sad the truck Moved on to the lower heed. Ckiee ^ equlpaient is 
eh the lower head it is advlsshle to raise the lower head. slightl 3 r» iihoat 
l/Z^ to prmrmnA the potsihillt^ of locking equipMcnt between the upper 
and lower heads. Should such a leek beeons positlTe it sight be aecessary 
to dlsauextle the teetiag satchifM te remove equipiaent. 
b.) the upper head is lowered csrefuUj over the 2^ stud protxnidis^ frem 
mtia X<-4;>e«».« the plate washer and nut ia secured loosely o« the stud, 
the I<^eaa ney now be lifted olecr of the truck «nd -^le truck rewovodo 
It »sy be convenient now to lower its I«4>esn until it barely rests on 
the lower heed. %be beam nay now be positioned on the head* Scribe 
narks will be found cn the spacing ring and the upp«r head of the test- 
ing machine to fiaiilitate aUgnment* When the bees is in plaeo the ^ 
nut should be tightened «ind the upper heed raised about 2 ft. ol^ar of 
the lower head* 
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Oo ) 15m tigpf«r of 4«ekii» lOroody po^ltloROd «• dwtlrod b«two«a 

tlM elaoie^lnc oaflM mxj mv bo Itftod «• a unit aod plasod on th» trunk. 

It will b« found that if care la taken, tha jack feet are wide enough to 
preffant thla aaaeeiily frem iii^piiig. The track la then noYed into pedtioa 
\3»der tha vg^^per 1-^mm and tM bolta •aewrad. The v^/pme head end Jask 
syMtm it lifted to a naxlnun height mA tha tnsek ranonrad. 
d.) It ia usually eomonient to lauTa the lewar aystaa of jaeks attaohad 
to tha lower Ix^an. TMa >diola asMafoly than mj be lifiad on ^a traok 
and aenrad. Into poaitien on the loiftr head with only tha frmt idteaXa ena 
tha lowinr head. Tha loiser head la raised aboet 1” or 3** and a blaok is 
plaaadl uadar tha higher end of the baim. The head ia than lowarad so 
that ona end of the X-bem )»ow rants on Ute bloek. Tha other and of the 
bean is than lifted sleer of the track with the chain hoist rad the tniek 
raaerad, the lower heed is than raised mtll tha t-ba«a la caarly sup- 
ported by it. A lA** shin is lns«riad under the edge of I-baan laaar- 
ast the window. It is sdrisabla at tills point to pasittoa the lowtr 
X«bea» ^ the bead by lowaring tha upper head sad watehing tha oppaslng 
Jaoks, Suah ahias as daesead naoassary vadar the lawar head are bast 
insartad at this point. Tha bloolcB and ohaln heist are tiian suatored mi 
the lower head brought down to about 1** free its lowast position, 
a.) a<^adge supporting angles with rods ettaehed my then be plmmd 
and clsi^ad to tha proper height on tha H-baan franas of the tasting 
iBiashine. The *a”-«dga channels, held together with thair supportlnf 
eagles iiMsh are spaaod aaeording to the width of tha plate spaclMan, 
are slid into position and rested on the ends of tha lower loadliag bar. 

The tim^^klaa luy than be aaeurad and tite "a*'-e^e supports lined up. 
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£») Aftar Initial daflaetion «dT th« plat* reading* are taken* th* taet 
plate 1* plaead in petition between it* "a'^HKlge channela and retted on 
tlMt lever loaKllag bar. The b*U«be«riBg rasee are inserted te bold the 
plate in plaee. The shim* for 'Uie loading aegmanta* if used^ are held 
in poaitlon along the top edge either with C-eltRips or a eegncnt plated 
at eaeh end* or both, the gasket saaterial msy be plaeed alem^ the edge 
eeid the remaining aegiMnte;,po8itioRad on ihm top edge of the plate over 
the ga«ket md ehla*« The m&thoA of plaelng the aiqpients along 
bottom, edge of the i^ate depends upon the t;^ of gaskat material used. 

The thcsdbeerevs on the "a^oe^e charnel* ar* tightaned eo that the plate 
auiQr be auapended from the *a*’«edge supports, the lover head of the test~ 
ing meehine la then lowered allghtlj* If solder gasket material la used* 
the head it lover od about 1/2* . The tegraente najr then be slid into 
position from either and of the plate. The solder majr ala* be ran in 
from the end ef th* {date between the aegmenta and the plate edge* The 
ahlma are then inserted between the and the aide of the jdate* 

If a flat gasket audi as the neoprene &trip la used the segment* moat be 
rolled in from the aide of the plate* Careful apaeing of the diatanee 
between the 0a.te edge rnid the loading bar ia neeesaar/ to aecom^lah 
this auceesafttUy* the lower head Is then raised tmtil the plate is 
supported* Both upper a»d 3Uswer head and the "a"«edge supports are then 
positioned so that ip|»pxinatel|’ eq^oal i^ate orerhang remains shove and 
below each *a"‘*edge support* The plats is now ready to lead, 
g* } The strain gage hoek up miqr iu>w be completed and sero readings taken* 
The pressure gage and hand psa^ aigr be connected to the aanlfolda if 
desired* A slight load bhould be placed on the plate* probably not 
ejBceeding 1000 pounds* The loaded edges of the plate may be fo^reed into 
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ft fttrtiiilht llnft Ml thft ftftfMMatft t«»d to »«ii^ th« lowoftt pftrt of th« 
gmoTft in bo^ Iftftdliif; b«rts It iJi ftstftil to apply amm to th« 

loading bftx* g'roovMi to fftoiUtfttft this oponitiofi «»d sub»oq>j«at eliding 
xhon plfttft defloetlenai are largo* Tha otraightnesa of tha adga my ba 
okaekad or irlth a straight adga* Z«ro or noMr^saro daflaation 

raadli^s na^r bo takm idth tha dial gaga ct doidrod looatlotui nXoi^ tha 
ho3Tleontal cantor liito of tha platOo 

h* ) Iha appllaation of tha load aho^d ba gradual at firat «ntil all 
SmkM hfttro time to atp&alifta thair intamal praasura* thara ahould b« 
about 2** of aacb ;}aok ram protr«dl8g» sioro parhaps lihm highar loads 
arc raachad. ?ha aao^t sill dapand on tha dagras af Isakaga in tha 
s^^taift* A straaa of about 1000 pKL is naadad to dafoirai tha siddor 
gftst»t if this t7p« is usad* Iha load oorraspondiiiig to this atross 
should ba pXaead on tha plats ai«i allowad to rmmSM until tha rsta of 
daoreasNS oi its load Is naftrly saro* If it is dasirad to obtain tast 
points balov this loading osra nust ba taken not to unload tha plats 
antlral>r If itralghtwaing of the ^b”»adga iras raquirad* Tha taat is 
ao¥ raady to prooaad* 

i.) Plumambly of tha a^piMsit ganaarally follavi tha rararsa of tha 
laathod d^icribad abova. 

3, ErpLUeuttlon of Tast Paeerlptlon 

In ordar to avaiiiAta tha affact of tha irarioos oo^ponants of tha 
taat apparatus^ taats tadar diffaraat coaditlons wars nm and deaeribad 
ar^rpticftl!^ in tha data i^Mats and m tha graphic results# (figs* 1 to 
20 ). 
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as} Load Applicatiao «• MaoMne or l*UMp 

It MM intanded that aaoh sat of hg^msMa ^k« (top aod bottcm) 
asoM ba oomactad to a oonasM saclfoLdt leithi tha Jaska partiiilljr 
axtaodad. Iha teatisif sMOhijeia iioold tha% ba %aad. to tiM load to 

tha Jack iqratana In an attae^ to irralaeta affects of jack friction a 
h^raUratilie haod p»n$> mm ooiaiaetad to the top grot^ ^ Jaaks ead the load 
IMS a^^gdlad in this Kaanar« It mm found slao that the quieter eparatiou 
of the hand paaq> vaa nora coaduciva to affloiant test prooadura, hams 
this aathad aas gwMrall3r osad m sUhMqsusKt tests* 
ba) Jacks « Ko Jacks 

Qna eat of tes^ %n» run the h;|tlr«ulio Jacks In order to 

aaoartain their affaot* vSian tha Jacks rancsred the tm Xaaslini 
X^aawB sera sMwMKi so as to bo as nearly piarallel sa^acticabla* 
a*} Ssr 

the hardened Inadiiqs bar daslgnad for the s^ts&tvat is doslgnittad 
bj tha thleknaaa O/k^) and i^tbar the flat (f) or froorad (3) side of 
tha bar bora ea the aegnants* ($aa datail 7ig» ?.7)« Since tha loadiag 
pressuras on this partieuXar sisa of ptata m* oospaxuetiTel^r Xo'»« cold 
roXlad staeX bars 1 lA* idU2« and thlcksMsses lA** SA^" *ad 

3 / 0 * siibatiiM].tsd in Tasious taste in sn effort to sbsd li|ht on tha 
affsot of tha stiffness of the bar on tha test remxlts* 
d* ) Gasket 

Xn m att«Rq>t to eliadnata local WMTanasses in tha of ^e test 
plate rarims slsee and tipes of gaskat naUrlals were placed along the 
edge of tbo ^ata under the bearing segnents* Where a plastic gaskat 
material was used sush os the solder, gasket mas first set rumlng 
up the lo^ to a|)fsiroaiiiatel7 20,000 pounds mi allowing the ptsket mterlal. 
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ta flow plootlsallj for «inat«« until tho rate of drop in th« 

load was iyspircudauttaly equal to l&st of norsaal laakaga in the hTdraulio 

ayataau 

Tha naoprana gaakat waa c%it from a ehaai X/l&* thick to a width, 
aqoal to tha approximate thickoaae of the teat plate. Two diametera of 
soldar gaakata wera uaed, l/l£” aad 3/32". She 1/X6* solder was used 
as a doiibla atrip side by side, whereas only a single strip of the 3/32“ 
dlaaiater aolder was used. During two testa ^re no aegmanta ware uaad^ 
a atrip of lead house sheathing iA>eut 1” tdde and l/X&* thick was placed 
between tha loading bar aad tha edge of tha i^ta. 
a.) SagaMRata • Ko Sonants 

Since moat af the teat results indicated the praaenea of fairly 
high Moments In tha plate frem tha beginning of tha taata^ it was decided 
adrlsabla to datandna whether or not tha baariBg sagnumts influ«»;ad 
this phenesaenon. JUKJordingly daring aeraral teats ^ase aagaanta ware 
rmsored and tha plate was butted vp against a sheet lead gasket on the 
loading bar. 
f.) Shims • Ko Shims 

The sa^wnta were mala with tha slot a minlMsai of 1/32" wider than 
the plate. In order to reduce the poaaiMllty of aeoentric loading and 
to cheek tha affect of thia olaaransa ^ the observed moments in ^a test 
plate shim stook was inaartad to reduce this claaransa. On tha teats 
where shims are indicatad, shim stock of »CXL5" aad .002" ware plaead 
between both sides of the s^amnt and tha plate making a total tdditicn 
of shim stock .03U” m each "b"«*edga. Tha maximmm aatlmatad clearam:® 
between the plate and tha segmen'to after the introduction of these sMma 
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g») LMd 

Th* load vao nsiuiurod m thm Most aanaiti-vo g ago of tho toatisg 
««ohin« VMt would rattord tha lo«i» Hire* gages are ef 

Taxi^*» 0»30»000 pounds, 0-150,000 pounds, 0-300,000 sKnsade^ AH gages 
have adjustable s«ro readii^e so that the weight of the apparatus ia 
the aaebiae ie cempsuatAmd &at«pt for the uppes* loading bar and sag- 
iseatso 

h«) Fi - Internal ^jrdraolio Pressure of Top S^nstm ef Jaeks 

la order to pronrlde a cheek on the total load recorded la the 
testiag aaeklne and to aid in detwradnins the force sTatem on the 
loading ber should this be neoessar7, a preeeure gage 0-1000 po^aida 
was aounted directly on the naolfeld of the top hydraulic jack 

and the preesuree recorded. 

i. ) Strain Gage Reedings 

these reeUnge are direct readings of the strain gsge indicate, 
the index needber did not change during may given test and to aare space 
this meab«r ie rseerded only mAtar the aero reading. Tha sero reading 
was tak«x after the gasket had been set but with the blocks us4Ni to 
adniaLse the curraturc of the test plate in the "b^-edge direction, 
still la place. Tiao did not persLt cm^eto oyclii^ of the gages on 
each run but final saro readir^Ea were takm periodically to eheck the 
instrxaKmtatioQ. the dtasay gage vaa aouated on a plate ef the saae 
thlfikness and sane aaterial as the test plate. She leads to the strain 
gage indicator were id>ont tiui same length as those from the t4«t plate. 
Tk9 cbamy gage was located as close as praxsticable to the test plate. 

j. ) Oeflectiena 

Initial deflections in ”a*«oige dlrectl<»i wk*® recorded cm 
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2; lRt«rv»lii trm tho e^nt^r llfi« «adl at ak» 

««txtar» DcflaotioKi at ih« eaatar lizitt 5La tha ^”>adga dtraetloa 
WMra 7 «e«rd«d at aaah gas# lacatimi cm IPXataa 8o» X ao^ lfe« 2 ao»apt 
D«ar tha ^‘a^oaifiroa eii HLata ifo, X i^ra airing lstarfaiMid» Ears tba 
daflaotlan ni>tad aaa batwaam tha tao and gagaa aa notad. Qaflaatl«» 
m Plata KeVo 3 and It aaera raeordad at tha aasaa Xaeatloa aa tha ialtiaX 
raadinga* It alXl ba satad that in eartaln eaaaa tba daflaatiana 
exeaaded tha wudMM tnavtiQ. 9* cxta-half lisiBh on tha dial gaga. 
jc«) Plata Corlaotatiraa 

Ir Fifa. X to 20 tha plat# ariamtatloa la ladieatad b/ tha waid>ar 
of tiMi atraln gaga la eadh aamar. Ihia |£Lata aaa ravaraad dsirdng 
Xatar taata aXang a diagonal aa a aback m affaat of tmrcmMtaa in 
the adga af tha i^ta» 

X.) Coag»tad Stralii 

’Sm eoapntad araraga atradn baaed m a load of XO^OOO po’jsida and 
the area af tha taet plat# (b* x t) aiwywli^ a valaa of £ 23j»300 

kipa/incli^ la aa a daa!^ horlisantaX Xina 

10 000 

(Taa = =lt0.3^i»/ia 

Slaea tl» issearaey of tha indlelitaal atraina plottad la $ yu±a/in 
only Talaaa of the iadlvidnal atraina abora i(^«3 or baXov 35«3 ihcmid 
be eo^tsldarad tm dlfftwent from ararage vaXoaa» 

gata on Taat PXataa 

a. ) X«igth * L = 13.31^*' 

b, ) ^th « b» = 56,75« 

o«) IM^knaaa » fhla dlaMnai«m varlad aXlglitly anoi^ tha four taet 
pXaUNie Haaa urw w a ta wam takan aleeg the edge with a iilcroii«tar« The 
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pX»t«i «Rd tn lirficr^d iMMlcams d«rt«ml^ memdm^ « 

diKud^ 0.233 (sf tlw plxbM «u?« 

pitted f^roM «ojm»Bi 0 a sad tUrnt bl««tiji£. "Sm d^ith of pits 
1M9 dstsnidntd fairly’ aeosrstaly by sifMit'uriBg th» "a’^^adga aibicrtt Hm 
mirfAst* hmi b««n fms»d te tb9 dapib «f tixa pita. As syoraga iapi^b 
ef pita aa ietatxdrtod by this sotbod is 0«00^« 1%« pitiis^ ia fairly 
<sir«3ly tllstoibutad ormr mxtsKA sad it is tatiestad tbst m awrac# 
iMiskmAA is to oa» half of td» ayersiia isi^th pita. Bcnwnrar tk» 
affastiva iddskiMsa of Its platos is iKSiosidarad to b« tlM» thiekassai to 
t^ta bottan of tJao pita aisoa Van Haas of straea uUl mt follow the 
oa^-tosr of ih» pl'Ui to a MS^kad dacrat. Ihia Amm pmadara la fbUmtai 
Is oali^slatiaf; tha Talwa of tha aod'ikta ef alaaticitr (^)» haaoa ^ 
effaet wUX taod io eiew>al to tha ajoslysia ef piste etxwoct^i. 
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3U»6 


.163 


,1580 
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IbadBsl thiekseaa of tha plate is 0.15625'* 

Siaoo the aisiCU teas accsrat® to 0.5 po*ja®i« mA its daaaity ef tb» 
st€f«d lias asstmad;^ it la balieired the sdcrt^tar ireadiaga^ Atm tho^ 
tai:ea arowid tha edge of the giwa a mv» see^arata raadi)^ 

of tha i^ste thleknass. 
do) Ratiof 

«B*’-*adge Sljaes^aRi B^Elaad as tli* laat:^ bataaaen •*«*««%« awp^oafta. 
1^^ m aai!;^ «etd of the plate yem allowed bayaoid the oestar Urn of ^ 
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rmt ImCLX bexrijies in -yMt mqpforta 

b=b« - 2 X lA" = 

DiMRitioiu Zi MW eoioaidvred originitZly th«t this dlxeaaioit 
8t»niI4 bs tiw crmv«sll width of th« plats jUm ttm ditianee added bj 
insartinc the Xo«di&$ si^pBwnta over tSia piste edge» Zh« plate eises 
ware detendned on this basis. Fartlier refleetiea iMicated that the 
tme length of the '*a*»edg« diawoslon aliotitld not inelude the addition 
dne to the SH>«snt8e Z!h6 edge »f the plate extis^ds to tiw oenter of 
the seipaBei (adwas gaakst thiokneas). ZIhe load howawer is alwagre 
sp^^Liad through tkU eantsr eiran afte^ deforsMtim sinoe the s^psKst 
is oiroular in eress secUtm. 

a = width of plats =13.33.25" 



Ajigseet Satie « m/b - 33^31^ 


= 0.237 




Thicknami Ratio* a/t = 

t 


= 85.l» 
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FIG. 

DETAILS OF LOADING ARRANGEMENT 




ARRANCSEMENT of upper head 

LOWER head similar. 
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DETAIL OF SEGMEKIT 



b"-edge: bearing segments 

MATf- 3.* ORIUL ROD 

* MILLED f WABDCNtD TB ROCK'^ELL C • 50 



WITH SHIMS 4 GASK.ET 
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FIG. 

DETAILS OF LOADING ARRANGEMENT 




DETAIL AT CORNER OF TEST PLATE 

ORi^WN TO 6CALC 
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C» Si—nry of Data aaati Caltnalatiww 
Taba« 3XX A 
Sniluflctlon fwKtB 
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tnt 


ta,/in« 






Toot 

Noo 


• 


^ «r 


Loimrt 


% vaA&t 




% CffW 


Hcic, 5 
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153.0 


88.6 
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78.0 


35.0 


56.9 


152.0 


87.5 




It 
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56.0 
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51.5 
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^•5 


16.6 


43.9 
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CT 


cr 


(Soixtbsmll) (pm) 






!>«K3n«IL » BlM«h X 100 




+ 23.2i 






'IKieT* 





2 


3 


k 


13,313 


13.313 


13,313 


56,75 


56,75 


S6,n 


l,5li5 


1.515 


1,510 


0,237 


0,237 


0,237 


66,2 


86,2 


86,5 


367 


367 


368 


0,057 


0,009 


0.071 


0,055 


0,018 


0.060 


0.061 


0,019 


0,062 


3375 


3720 


3830 


3630 


3830 


3810 


2620 


3H0 


3190 


3530 


3580 


1120 


3^9 


3635 


3^0 



-6.53 7.61 
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(JIM 
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«r.H 




mM f»ak) # 


m.i 


^;I 


?^.f 




t/f v5 


w*» 
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*.»4 


Ts^i 




/\« 






T^ 




^ /'.e 




«.o 






(.M) fiir%^Mit> ^ 




6ie,& 






(t^l (XDMM0) ^ 






^cT 




(Lcamam^ ^ 

1 


oac 








<^) (,^) Ain -V) 




IOC 


9m 


•dT'" 


(lit) ffiii-^r) V -0 


1^ 


Amc 


OftiV* 


4<T£ 


(lai) ^•jr^.t»‘) it “D 


«ifj 


4ilL 


eta 




<iPt) V 1^ 




W€ 


epr 




<teir> Usrn^iumt} ^ T) 


IM ^ 






t 


«Q| «. L£m^ 










L 






.-n - 








0 . ckmmATLOim 



2-0 longitudinal aiiarain la the plat* at a fnXrm point «» Its wmtral 
«3d8 SMS obtidsukl bx aTursgiag strsias obtained fron a pidr of e*e*s 
oomted m opposita aidwi of th* |^t* e»i opposit* aaeh ether as shetet 
an Fif » oid msritorad g£g«s war* on eaa side of th* plat«t and 

aU sfiR maAHir«d gag** str* oa tha etharf tha arraagttMtat b«Lag aneh 
that «MSh odd gaga had oppsaita it lha gaga nlih tha naxt mm 

mi^er« 

< f » ' — j — 

thus far gage mei»ere 67 and 68 in Test ho* m Flats Ke. 1» at a lead 
of 20^000 pon»da> 

^X' Iffit itloreiariMs/ini^ 

£ 2 ‘ aiaxtdjoohis/is^ 



2» The ayaraga iJMagitaliaal Etyeais in the plate was ehtainad hj dividisg 
the tetal appliad lead by the adM^ area of the plat** 

P 

CT ar - b* 3 ct 



Far Teat he,< IF Plata lia« 1 at a Isid of 20^000 pouads^ 



P - 20^000 lbs. 
b» * ^6.75 la. 



t ‘ 0.1535 in. 



CT'ar ' 



20.000 



<56.75)(0.1535) 



2295 p«t 



For the s«e t^wit, at the axltieaO. load, 
P^ ho, hoc Iba. (Dohxu^) 

ItOjtOO 

<56,75X0.1535) 



CT ar = 



.. I)6h0 psl 



.tr 



^ t *• ^Sq ag|r ■! *<lr^ ^ ,/ 

fi«u *«' *^4 S ISL^f ^4 ^ WtaMl IMM t¥» 

mmrn m «-<Nao«# tCH Mf i« 4wi44 w Min 

M • .J, A- t» «uiM >— € •-*, 4<M iMd^ MMv Ite Ui «-'i 0» 

Am <£iA «i# ^ flflag^iv ma «§»% lAkt 



:' *4 









1^ 



itf ■ > M trsAi-rs ill <3*1 mc >9 



•sMom oeo«os u 



ibttl\'M!«t**rr**s X-'U •+ - j 3 

)ifc»€£\»f3i«i£iisn»i^^ - S 3 



^i-rc>" ^ 



f ■ I I M ■ * 



lU»t 



3 






i 1*^4 



^ -S 

>« AaC MXXfCi M;ta^ 90 



M U 

.4 O'?, if, 1. kmKS 9 d^, J, ^»S StA^?4 p?ji tj 



let 



.Mi: - •! 

^t»X .»4 

-- ^ 



\*?W 






«^.. %.X*sr* jnu ^ 

(XtoeMfl) ,«^C: (iDiivV - 

'Xiftk'i 



Mkf W| 



(a^froK^.dS) 



iO’ 

= M ~D 



ityglft KM ^salevlitiid ttcdJis tha strasBWBi toi>t«i»ed abdiw end 
vulm 9£ i trm Ap|MBii3C 







B ^ 26 , 300,000 

At 20,000 pjflaoti*, 

< . tz% 



- O ^ 



26 , 300,000 



6l<.l ed£Toiii®ha«AaeH 



A 41£3?«r«Rfe Yalns f«r in ©Istjdasd if th« plot of «3d«l »tr«in ( 
is intsfi^tod I 37 trspftSQtdsl rul« «l«ris ths Hits of £«g«i, tsa^ivr% 
f, 6 t^aroQs^ 35, 36. (A v«lw» of Sl»l vtll b# euMnnioi for tla« cd.«I 
stridjo St gag«t 35 sad 36, tiftos no r«sdi!!9|^ 'mem ebttimS st Vmmm gagss 
for t^ils tost.) 



4 . 




( 33 ,^) 

s ' i '^^ s ( 35 , 36 ) 

(9,10) 



^ (I0b6«6) ' 7J*»6 idorelnsJ&as/iaeb 

y«*c^tags «f wcdLitm dtfflstioa of sxlal strsio from cnr»rts« strain 
as o^^ipxiei fr«^ tks total load. 

3£ . ^ .JC^Tx 100 

5c^ 

P 

= 61.1 Misreiiai!ie.f/iiai:ii 

<f ^ SHS2S ' 116 siaroln&!i@s/ij^b 
^ So BdJ 2 ? Ol 2 iejM » f / iWl ^ 

ISsf IS OSS ®* jc IC ^ = ^ 3 * C # ovsr 

mx % tmdss * » 10 ® - 3 S . ljj £ osar 
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r * t* * f Jtrnim aJm^ m w ij .1 



..€ 



^i 4 i I )« vurv 






'e^o? 




>sf ii 

Ce»««^ M. 



/.A 






e‘ 



^jX 5 



•_^^ .' ’-i^.'* U®S t- iiS*’^ %t fti *»*a •■ C“* »W«»tl8k A 

V ■-*< ; c~*« 6 i ♦is^ ft*>l.f •««# V* - w'^U iii 

»A 4 (— w-n iHv r.H ')• «* 3 ft 4 ) ,-itf mww f ,T 

VK« t* ®c»*.^'v-. o^tTtJMi i» mmXi «K ii» H '-^pm ft* ^jpiifc 









ft- 



(A^ 












i *7 ^ 

fj jr 



!> 



u^'-i -• i^i ^ 

^* 4 ij 

V> ^U-tr / jc-^ Is .ti 

<*Lt /‘dSiJXJI , ^ 

w I,i-' = 'x>»^ 

kiJi ■>■ n 3 

. - {\ir^’ftPl^ . ’t X i.'«ii ^ 3 , 

jf<*..*i X • .ii «. '. ^ 1 ^ 






- t nM 



ii . 






dlffT«Bc« (preportisfiil tn Iw&eral d.«fl«etl(m) mi 
««AytaractiBC r«ading» at epposlt* eacV'i** Arbltrarlljr tihis mu) t«k«3i 

** 

Fear t««i llo« m Pl«t« tb<i. X# ticiiaf th* TiO^UiMi in (l) aboro^ 

^2T* ^1" “ (♦■101) -' -jJiuD adcxi^ilashea/iztebi 

6» Critlcil lo«i (To^>-of««1;b»»Rn» H»tliod)« to obtdn 'tills raUm ao 
csXcmIstloiis «th«r tivsn ti»s«t glTM «l>ovs for CJ^ sad (£2* 

necoossjy, AtUar pIottir«g Cj1^ts» (^ 2 * tsnioats st the ojctireslw 

ties of the cnsrre wore drcua* Tim int^^wsetlai was tehes ss the bookling 
points 

^er = 3730 psi 

?* Critleal load (SoathseXlU Hothod) . 

^ 2*^1 *■ f 



^2-^X , ‘f(d) 

-p isJa" 



For ssKoe isssber 67 xb& 66 in Test Ko. X9» Tlste Vo* X st & load ef 



SO^OOO pomd»3 

P - 20,000 Xhs, 

^2r ^ aiciroincho«^ij»eh (froM sbero) 



^2“ ^ X . 51tQ 

20,000 



0*0270 



A pant of 



nr" 






({iees s strtifht XiiMt idth s iti.ep« 



• 61 - 



•q^sl to the eritlcMid Xosd« 



I 






I. ' ' ^ *9 

4tU ei^ . .wfM 







•4 



■?icf 






if »X 9tX 1^ ^irff ^ 

^■rAr' - / ' (Xll->) ► -*3 

mUDM ^ »!»* '* ' * tS 

f } 3> -iy'^> (A «tii<V i*M£ laM^ f fHitlfttMia 

v^fa^jd Mir Bl MMr •'.iiil»;iriiK»dl mmt ts»9em »m V 9*S^ 

m 9^1 '- ^ 



ik\t£m»j}^V fmf i^iiTO 4 






V. k>4: 4 «» i ,4 AlH liM 










0 



1 ^ 

aauiAivBinHwv* '5^ *•■• • 



i0 • Ati% t«ri 



• Mfirig 



f 5 -*^3 

.*• - I 



U «# a# 



• 4A 



Pc^ » 

r~ ^cy i U$tO p»l 
’ b*xt 

Thi int«rc*pfc of the itnlght l±ae with the repretewte 

$m c(|tdtytlesit InltieX deflecticai ef the pl*t©» 

( <5 - 355 aicrolnches/ iaoh 



ur s 


6q Bln ^ 


K, * 


-Dili:: DdL 


«x - 


Od^ ,x,,„ idienx'^ 


CT aMK - 


E(£2- £i) 
ZI 2 


H, , 


EiCia-ei) 



t 



Bln 



7TX 

TT" 



Et^ H 

i2(i«4i^) * i-j/^ 



S_ l2 tu = V 

1-^ i* t 

-‘o - fer£i) 

J .' 0.3 

L ^ 13.313 la. 
t • 0.1535 In* 

(^-£■1) - 355 X 10*^ Win (fro« nhow) 

do (3^ X 10^) - 0.0378 tn. 






l(3- 

['=5\CVr^)3^ 



*ro 









l^r 






*’<V <a-»I Mt “hi <MiT 

..L Im mU^t^Ah jb^ini J— Ciirl^ «» 

T • -j . ~ 

0 

-<7x 



nfi9 ^ 



a \c 



X' 



-JU, 


I* k. 

Q- ’ ,H 


^ J 


-■^X(C, 


-'i aai^ 


-Tj - ^ 


!i?JI 


- ^~i 


!» 


? i 






•‘Xt-X 






. W m 

- nJl 


■<»*&# .jii»»i^j*in»iiiMmi»nijyj^ 


^1 ^»X 




(-Vx) ^ 



#-*T 
l.a ' U- 






-«i fiJr.tx ^ J 

fti al\«-it "^'*1 X 

*(:r,c.x) if.O . 






S« Critical 1<MM& (Dott»alI*» fcypa «f plot dotoradnoB 

Vam erltloidu load diroetlj «o tiw lnt«reipt on th« P-«xis #f tho plot «f 
?▼». f /(£ z -€ x ). 

For Tost So* 19$ PUt* Mo. 1» 

Per* kO,hOO lbs. 



(Ter = pal 

Sh 

tSit aleiMi «f th« plot ia ih« oqtdTfObnnt laitial dafXoeticMK 



%)o 



jUpI 



I(l5 uderolnehea/lnoh 



df) s 0a0i;ii2 In* 

9* Thoorotioil Critical Straoa 



H « 



^ ^ TT*'£' {-t-) *-j~ 

£ *28,3<K),000 Iba/in.^ 
V = 0*3 (aawBaed) 



a = 13»313 in» 
b =56*25 In* 



I = 0.237 

tc = 1*113 (Table iiO, p* it36) 

1.000 

<? I ^^ 160 , U 00 t ^ 

Plate No* t (in.) 

1 .1535 

2 *151t5 
.151*5 
* 151*0 



3760 

3830 

3830 

3810 



3 

k 



83 






0' 



I4 tqrvi t^lJKiapg tvutn rf^ ^ 

^ «l*»-i «Hi ^ w UlU »dt 

,gr<i 

,J 4 »i ,«« MFvt 

0 cj 4 <vi 



;v% l»MJ Iki^rvs't. 



I == *;! - ii^ 

FI 

«l 1# wS 






CiJy 

t(/5 -|ii\t jt 



•«i* -»^/ 






•a-^TT , iJD 

Vja 7 i»Vi)j^\ 't' 



.4 



i 



t.P = V 

,*2 Ut.<X-A 

.^£ ei .>Jt^ « 



a-*. X = *T 

V -. 4 ^ 





A*.; i 


• 0 S mtkTi 


<r. 


rti. 


1 


4lr 




I 


^Bi 




( 


itM 


tmSf^. 


i 



( 3 ) 




#M(r« E = 28,300 
v>= 0.3 

« =- 13.313 la. 
b =S 6.25 la. 

= 0.237 



10 , HodalttB of El—ticity 
For apaelafln nuafear li 



At P -2160 ll)«o I Ri = 1.09 

12=0.86 




tmv plataa lAjijply a^^rtad oo *U lour adgii* 




d^j.= 161,000 t* 



Hat* Xo 



(P«i) 



1 



3 

k 



2 



3790 

381iO 

38UO 

3820 



2.5U7 in. ate*g€s*«rg*p Q« F. (#l)=109l 

w=0»?ttt35 ta. Haggwdjer^wf 0. F. (#2) = 10ii0 
t= 0,1572 In. 



At P = 0» 



llX=3..55 
Eg = 1,51 



* ' > 














I 



i.«i=^ 

c?J Jl .'CI^ « 

**i r.-H - ^ 



\tX.Q -•= J >5 



r* V '*• 



r 




V «o 

.iMi! sTP »•» 

Cf?^. 

<Mtf. 

fiw: 

i.1A^^'i«) f--^#iiiH^ 

-^•^"(*%) - » A ' 

»- ^1 

C^»l~g& 

~ 5* ? *SSt MK- « #A 



Jt 



V^a Xjv,Ag 1» ,^X 

t£ >sMV *Ky| 

.*5 Vii'4,a 
, 0 i fttXv-5 = i 



- 4T 



p 2 



£ = * ?..C^ = kyt*$ KLeroiiwh«s/iii&h 

' 10^1 

^ s ?-r^,„r..£tM = 62 $ Bdc 7 oinoh«Mi/tnch 

‘ lOljO 

f~- s 531 BslCiroiiiohes/iacii 



froM ft e<»g)Oftitft plot of all tbrae «p»ei]Mm 0 

4?~, _ , M?£-, = 28,300 k.i.i, 

li4252tlC^ 
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r 









^.Tu = SSlLzAl = 3, 

r>Ui 



i» l\mrn^ H ‘r Jc £>4 = s "i 

^ic^i * 



It.? 



# 5+ '3 



=3 



LtA \q izJLr{ 



■ ivt\ 



ti.Ou “p^ -, 



y .1.^ USChMI ^ 



s, svPFmmrm discussxcm 



1. Coo|Ha*l»on of Hethod# for Botoradalng <«cr 

"top-ofothe-IoMMi'' Mthod glTtfl TtlxiM i*deh «r« loiior than 
tbo tb«orotLe«l buskUac stroMoa ami «r« alto tka Xovaat fivoR bgr may 
asqparlaMatal analsniis axo«^ lov i^a atraio^ravarval nalkod iMoh ms 
xiot uMfeXa tn tkia oa0«« Xhia la In liiM mLVa pemiama axpaadanee that 
thla aatkod giiraa low viI^mmi aNataanrer tkara la asppcwsial^a initial 
\znfaimaaa« to abtadUt battar raawlta it ia caeaaaar7 to ai^p^ tka 
aatkod to a aarUa af plota for plataa of tko aaaw aiaa bot hcvinK 
dlff«PK£t initial dafLaotiona^ If a Uaa it than draan throash tka taa> 
g«it intaraaetlcma and aactrapdatad to tha CT-aada^ tka intarca^ rapra<« 
aaota tha crltieal atrasa for a plata af aao*o initial daflaetlon* IMa 
Botbod aaa not uaafela for tha aarlaa of plataa taatod in tMa work siaoa 
thara iqppearad to ba no wall-dafliiad Una 'Un^oiis^ tha polnta« i farthar 
difficalty in nalng tha "top-of-tha-kaaa" aathod is that a larga nanhar 
of pointa MBSt ba takan arontid tha bnckUng peiatj, asai avan than tha 
tangant wmy ha aooaahat diffledt to draw* 

fhia MMi diffiealtsr ia inharant in Ioiddld*a aathod, althoagh ^ 
difficulty of draidng tha tangant ia radusad If a euffidant nuohar of 
pointa «ra takariy and tha koao iqppeara iharpar* 

Tha SoathMall nathod aaad Bomtall'a Tarlalitm (l83 oxwi baaad 
vpm Odum theory rathar than plaW thaory* Hoawrar# theaa nathods can 
ba a^liad ta aow plate dtuatlona^ aapacially ahon tha aapaet ratio ia 
a»all and tha ^ ratio ia larga as ia true for thla eaea. For oth«* platas 
these sethoda mmy ba iarnliA, but the fact that tha plots are straight 
llnao for the ]^sent taati ia stroi^ evidanse that tha x^aolts are good* 
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‘gj.’ > X: . > 



»• >- *at» A ••'»» s-slw' *f?T 

■-tai • :*# o«ii, {*, «# 

*** *:»» ’ ««. _i ir<i » Kitm^ 9iilt tSuS XAut^^JyW^Hf 

(CJ i ^.j|> •r^A.'! f>.t al *.*esf ,pm* o-^ci^ 

:*.^ini »i r*tf« ’wntNfitr Mfsi«v nX iwJg »©<£#*« 

WW si x^mm ^ :s i»XiM«« *p»4!t»4 »t .••iWlUUItaiJ 

^ Vi tt* sJtsX-; ^ ••IM* • MNk 

^ .ttKomt %i£X. « tl uWKaP*0»i'^i' IsJiShik AnrsiTxXb 

&w**^ JHi ^ «0 «g^ i*»txCow»i*v» ijoa t-inji^etaii^rs^ai 

rrj»« . •» fcj4u&^ «; %1 tww^a 9tii^ ci'iwtt 

*^t» y>v» *-l*4> al -^’. ai- *r i Ic 1© ©itir ’jtft mJxkf*P ««y hn *hi^ 

finye'tsW mriiZ ib>ci"WWJ^ «6 •! W 9%HSi 

■ ^' " r c 4«tU »j •M*ff at 'i^Xiysiim 

wL ir^ ^£ntj$ M/ Juwe-wi nd /iSUii f^atlg lo 

^ #it}iranDS w( -^pw 

*^c;L'i-r* i> bX ©i*© ^lifT 

- ». a «i«g|t:.-sj^ nM V- TCj5Xrmm£& 

, • -A1 MWW lo» ,«*!od ti^«a 

- -..-v •/.'- [ cj S^^J.' -r ■.>‘iy,mr£ ims [fca] ifS 

>*r^x ,^-i.. -V «3Wt ‘»<i.t8:£ mcffi 

•JJ --fc«-. ^r ^-, ,e» u <m 4 XB »#ij:q[ «n MT 

-Aic «Wl .J^O %>a Bit «• »4 I ad^ IM X.fjMM 

r-, atBliJ ^ 4a«S» -m tfifi »L?Lu»itt r4 ^ 

>•• Mr *^<51,.. >MW BjL «»««# Jamm^ uat *-«H 



In »nj erent, oithvr ssthod msj ba halpfol in that additioncl poi;:t» 
c«R b# t«,k«i fro« th« straight lin» plot sad ua«i to »or» fully 
d«.fla* th© cxxrrt idien tJia "top-of-tha-isnea" or Xosfaiki** awthod 
la tiasdo Bonnall** aethod aeons soneviiuit prefercble idien it oiei be 
tised einoe the plotted points «•© evenly spaced (for even increaaKits 
of load) and tliMse the critleal load can be X'««d directly m the 
ir;tercspt on the P-«xis« 

2» Deflection Heaaurecientg 

During the tests nu»«rott 0 lateral deflection wsasurecenta vere 
nada along the plat«> using the planed e^e of the angle connecting the 
"a^-edge rupporte ee the refereisoe line. Theee proved to be praotloally 
uaeleaej» sins# tho plate adluated iteelf in the early stages ef load- 
ingj and the deflectiona for the lowte:* lo«ia did not reflect bending 
in 1^0 i^ats. Attaapta to use these values eben neklag backlti^ analyses 
generally failed. 

A far better ■easursMent of the lateral deflectlena in the plate 
ims the difference of the strains in opposite pairs of gages. These 
diff^^enees are directly proportional to the Bsaaent, acd shen tlie d«- 
forsatlen of the plate is sinueoidal, they are proportional to the 
lateral deflactian. These values ere free ef the effects of smy lateral 
liovenent (vlthoat bending) stdeh adght occur as the idate adjusts it- 
self to fit in the grooves in tlie loading bar. Furt$utraore« these 
rejslings do net rafleet residual streseee iddch my be px^eoent in the 
plate. 

' Initial deflections were neasured at various points on the four 
plates prior to placing th» in the tast i^peratus. TM.s was accost* 
pliidxed by lajlag a straight edge eeroas the short dtasnsion of tl» 
plate» and aeasuring the largest tmfaimess uith a feeler gage. A plot 
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' A «e ofi..) vMi9» ^1— » itf 

rm »' '%. Tiii mU. irM as 

•«•■'■ T ^ Jmr " . fo-D mM ^ 

^ ^ «'.t trt 

B fen * • • V g.^5 4 . • ^. ' ? -A ^0 

< ^ n l%NiB»'f4dL 

^.42--j!£3::!La«!35afc ^ 

^' *" ■ *■ ^ *4 A «la ,^'f mmm 

••* Ixte "iL '..4j^ -•' » *-»«Mi^ 'isf •'■’ ■*' Ai/ a<A|i 

jiMfem^ «i i*--t Pw^iO.** .^_ af«ifi. «a * 

■^* » « i« *• v^ > ifefe>% r‘Ml9 

‘ •/ • • • Abu 1*cV -•• ^ bi^ ^fB 

i*V . - X r* .» , ' MB •! '^1 ^ ^(1 cJ^ 

.;bx^ 

Ab^i^ib^s^b^b *9mi^b^ 

’4 , . » r-u- * . J *0fi r-^ Vl!#r . *. • r« 

•*^‘' “ •«=><«) <♦ -_ -.fcivu i;/#*.‘. -*\, 

• 4 - tt* *^-%><--- - ^ • ,t.v>-'it*«-w« j ^-« Mf l*> KiLAurnil 

>••••• QM fii« « <s?fi **«- «••- i.' »mQp>. Xx3iic^ 

-1 ^ .- •: • \*.-*«»**’ =*^^) 

.-»=ai?-»^-5>il #i nr - m%f '%JM 

fc ?n ^ i«^3n ' •,•« 

^-4. -• c 4.'- ^ »4 wm0 m»tfeMXM i^'.iya * 
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of th« unfairzuHia «l»ng plat^^s hcriftostal oantarllnD did mt 
dafijw injr ninpla em^ Jiueh m a «i»« e«mt» Tbua It vm 
te eofUKLdBr thMw MMurtManta as s»grthl»g othsr thm an indieatlofi 
of tho auignltui!* of oqolYslsnt «mfsira«ss« Too oxtrs^ 

pelfttod Tsiuss of d^ isksn from. tb« BonnoSl SouthsoU ot3»^ 

pare fairly sell with these ataasored Talt&as exoept for tha oaaa of T%tAm 
!le9 X» (See fable ZHB}* In the case of Flats Ko» the Measured 
▼slues were especially dubious slfice it sms necessary to block the plate 
into plase i^elor to loedisc in order to Make the lo«^ edges approxii&ate^ 
ly streighta fhe extremely ooi^ax Initial eurrature affected 2 K»t only 
the eqsiTal«nt Initial uaf airaaes but appar«ritly snida the i^ta more 
recdstaat to btieldiac» pirobahly sinee More eneru teui xotuired to pro-» 
dues the final sinusoidal configuration* 

3a CalibratiiKi of the festing Maehitae 

Baring noat of the tests a 0«*10C0 lb* gags w»a eoionected to the 
vipp^s- MSKdfold and the preenare recorded along with the o^r data* Ihe 
gage van ealibratad at eereral points md the results plotted* (See 
Fig» 35) to chtein an eq^adriaant gage |a*essure as indicated by the test- 
ing aeehine gegetf the totsl Indicated load tfas dirided by the total 
3i»ok rm area of one set of Jaskso As can be seen from 7ig« 35 the 
difference at 20,000 lbs* indicated load on the testing Machine, and 
integrated jack loadii^ is about 62S lbs* ExtrupoXated to 30,000 lbs*, 
the i^sproxlnate renge of ulti»ate plate loads, this diffaresxse becomes 
about 925 Ibe* 

If we anelystt a free body diagram of a jack it is possible te 
draw some conclusions about this ebserred difference in readings* 
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FIG. 35 

CALIBRATION OF TESTING MACHINE 
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( 12 ) 

= ( 13 ) 

f = total lead oa X<-b««a], (lba«) 

P»* total load c«a «ig« ef teat plate# (lba>) 
f^= ^aek iatffinMO. fa^drac^e pleasure# (pal) 
total plitoa area of eerren ^aeks# («q« 1»») 

S -total i^tum aptlBg force of aeven jae^oi# (Iba*) 

P s total frletiea force betweasi jaadc rmm and 5a®^ cylindetv (lbs») 
Ikidtr oonditiotia ehleb iravailad idm gage rea^Liigs iiere taken tite 
ram cocld aam imaed ainoe l^e ba»d pcnp mt m% in vm* Henee# 
til© dlrectts® of tb# friction force# P# la kasm® 
frm eqaatlana (12) and (13) am hmrnt 
P * P* and 
P - - F . S 

tMOrtmiatelsr the preeaore gage attached to the jack nanlfold mui 
m% 8«RaitlTe enoi!:^ at or near lire readix^a to glre a ralue for S 
at Hfferent jtaik extensions® 

file resdts indicate however that If the testlag machine gage is 
a true mamsrm of the Iced# ?# 



P > PlA^ 


or 


P «. F|^A j > o 


heme 


y • s >0 


or 



F > a 

ISds is toward ifeea O slnee the spring force doee Icdocsd 

oTerooas jack frictl<Hi and retura the rasas to the initial poaitton® 
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valldUgr «f thin is lirge, csnswt bs i(^«d 

semsTstiO^ tnm tlw kaam daia. HoiMnrar^ tha soal^rsis a^ira that 
tha obs«nratlo»t «P Fig. ^ $n p»wlbla> i.a.^ that tha tastinf 
aaehlne gaga raailngs ssi^r ba oorraat^ but the results also east rea- 
sonable doubt on this assunptlon. Ca tills basis tbs authors re- 
quested that the gages of nechine No. 10^ be calibrated at least at 
one loid> 20,000 Ibe. It vae fexind t3Qat the last eaUbration test 
uas perfonead in Aprils 1^0. Uofertunataly the oslibratlon ues not 
Gcai^otad in tiaa for iaelusiea in this thasis but wish e coBfirmation 
ahould be laade prior to future buckling tests. 
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F, DEXEHMUIATiaK OF XaJNG*S MODULUS 



fo det#nitln« ih« laod^uc of oXftwt^tidty of t&o t«iit sp^oistons in 
oootprosittion; » ooi^prfts»$ion usix^j: tho siuglo stei^iod uosoiribod 

«n>i bxdl'& oy P«I;^hron« ^nd] wu lUfodo 

Eriofly ilio ^ oonslotB of a trm» nMj&h Molds th« pd.de pistes 
fits! spocinten in plaae s»d oontslnii s sv&press in the fora of s idunger 
^ich besTS on the epeeiMen* The steel guide pistes are Killed with 
trisagular grocfreo ubl€& run the XoEigth of the speciaan# Ihe grooires 
opposite eeeh ethei* in the piide plates are steggsred so that lateral 
extenadm of the epeoinen is pemitted idisn a load is appliedo Two 
Huggenbergtt? strain gages of one inch base lei^^ are ettaohed 'to op» 
pesite edges of the spesinen 'through apertures in tos franee Ouide 
plate pressure and &«9.tering is acceaplished by adjusting two 3/8*’ 
knurled screws until they are ^t hiKid tight* 

the speoi^ms were rough eat from the sa«e plate and in the siuie 
direotlon as were the test plates* Test plates and eoa^ressioa specl'- 
tmm reecd'reS the sme sturfaee preparatioa sueh as sand<» or idiot- 
blasting or piokling. 

Three speciawns were pri^pared and allied to the final dlawf$sions« 

Tiie tbiekness mM detenstned in the saiee mnr»r as that desorlbed for 
the test plateso All specimens were ®f the sm» lei^to aid width, 

0.8U35** X which conform to the A3TM standards of a 1 to 3 propor- 

tion* (Doaipiatim E9-33T) The results of the three tests are given 
in Fig* 37* There are several possible seurces cf error in this proce- 
dtere* grooved guide plate® do not permit oosjilete freedom of 
lateral extension* IMs has effect prlaaxHy on the deteminatioa ©f the 
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point. rh»r* is a friction force det'cloped between the specinen 
And its fuide pistes and also between the plnncer- er^ Its sul<ise> per- 
ticulsrly if the losdine shetCLd be xavarm^ Since the surfsce of these 
specinerus vos qu),tu rcu|;h« osre was tiken not to ti^t<m the knurled 
screws eiscessirely espeolelly since the priste result eoi^scted was the 
Bsodiilus rather than an accurate yield point* It shoaLd be noted hov<* 
ever ttuit such a friction force wuld tend to raise the velwe of £. 
Since the Ttlwe of S found was slightly below that iMch one would 
noraelly expect for the type of steel teeted, it Is probable that the 
affect of such frieticn was not large end mbs reasonably conatant for 
ell teats. 

!Hie ▼ariations oecuricg in tiut str«ss*strain curve above the 
proportional Unit are probably caused by tmerreness in the lead dis- 
tribution across the loaded edge of the ■peeijaen. If one aide was 
loaded acre heavily thim ^he other^ the strain on ^lat side mvild r^tmh 
the proportioned liaiit before the othwr side and canee the curve to be- 
cosa aore linear at varioue loads d^anllng on the di^vse of unevenees. 
The pointe recorded bbove Its proportioned lisit were recorded after 
2^e•aonatd.e yieldijisf had taken plas* but no attempt nada to wait 
until final values of Ihe load asad ita strain were raooxded. For this 
particular study an accurate value of the yield point is ant necessary. 
It was felt that there was no need to parsua this phenoamton farther. 

It is beUsved, however^ in the future developRent of this test prosran« 
an accurate value ef the yield atresa will boeoaio iii^portant to the 
analysis of the data. Hanee^ the reasons for these varlatioiMi should 
be pursued. 



92 



Speelilcationi of Cosf?jre»tion Test IVoo«lur« 



Tost Spsclaensi 



Strain 



Testing Maohlnsj 



Test Proesftnrc: 



Cut fro 2 i sasLS jiLat© at test plates and in 
the s*»s direeticn.. -tilled to 2, Shi x 0,81t3S 
jlnchss. Three spacinerus tested. 

Two Type A Htagganbcrger - 1 Inch gsg.& length 
Ko. S19S Gsg© ?cctor 105 l 
Ho. 2201 Factor lObl 

Testily Haterlals Lab. #203 
Manufacturer - Riehle* Bros. 

Ca?>acity « 20,000 pounds 
SpecisMuis in con^esdon jig. 

Spherical head iieed. 

Knurled bdta holding guide plates were 
tightffiaed beamy hand tights Load of about 
200 pounds i^pplied as«i r«lei»Md sereral ti»ee 
to ch^k s«po readiage on Hii^enberger gages. 
Load applied in imn'e»ent8 &f ii^jprexiMately 
500 pouxjcSs. Oages rea^ at each step. Hodxalt^ 
of elastioity found by plotting stress ts. 
etrain. 
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5a 


37 
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^0 
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.3S 
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Jacks 
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Serial Ho® D5S130 
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15 
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17 
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19 
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a 
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22 
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Sk 
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- 
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2? 
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6^31 
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u 
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Stv&lft, lissijLeator 
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B~£d^ Ooaditioiis 
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20 
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3? 
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.18k* 


39 
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Ul 


.189 
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.ISI 


k3 
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k5 
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.235 
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.2k2 
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51 
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.195 


55 


.20? 


.188 


.176 


57 
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R, iJOTawmmi CTsxnsm 



lo MXlKr&f, Jo A * 9 LMiKm, !» C.» ’’An tR« cff^is of 

SUMMIT m %h» OcaproMlt* 9&tMasy& of Fl«li£is*p MIT Caunno 

£o BwS^dksrf, So Moi **Cnti8«l CoMfolsotiOBO of Shots* ood ll&ncet 

StiernG for MhRly SujKportM Beotooipslor Ktot. Fiii.t««*jt lACA? Tl«l£t3^ 19 ^ 7 * 
3o Bitdorf^ So Bo; **^!boorl«ii of PlatSie Bnekliaf*; Jo«sTo Am>o Soi«, 
m« X6 #7; p> J»Sy 19*S9* 

%o £o Wo ; ‘'siiip FXttiaR HodsT CcoproMioc mA ^fdrotiofeie: froo** 

«»?«*; Trtsuio SRAMS; T®1» £7, p» 8o, 1939. 

9o Byiotrd; ?o Fo; ’‘ttMoxy of tb* PXontlfi StA3»llity of lot. 

Aot»£k of Brldit tad lh(la««rs; Vblo €g po 45; i^»0»%Xo 

6o F> Fo; "ThocMT ASd 1M&S OS tJsio PCUo^io StiMlltF’ of 

tad Jo«r« Aero. Seio; ¥ol. 17» Ho. % p. 5^; 1949^ 

To BXoioh; ?o B.; .Thou ay; l>o B.>; ”A Cocips HaaKol oo lu«ldia$ S^r«Rgl;k 
of mwL strootisrM’*; T «»i s itu. lo. 2*2; mi.> 

So BLdc^; Fe Bo; flggkllKg StgtBiKfch of Mditl Sfcyt^teawwB; IKsSrMwwElIl 
Book COo; X95So 

" 9o Bo; lis; Bti Co; "TB® XjprsQglce ItotBod of Fii%&l»s 

Upi>«r sM Fcwd* l4acLtt to Critlo^ ^reiMi«9 of gXa w pt a Elatloft"; XACA; 
TM»n03; 1946o 

lOo lo; (^goaoT; R« Wo; "loi^aisskB StroswM of C1 jm|^ SMcta«|9daakr 

mt FlKt«8 la Sfe«i»r", RACA, TI-1559, 1948, 

Ho Bo; CosaaoT; Ro W»; Stoia, M.; **Bte33cllB^ la Shaar of Cnstiaiaotui 

Fiat mCkg TS»X%3, 1948. 
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CigwsRQlt, Jo, of Cmnfr9tm*& aoefetgjjffl'latr HM^m Vlth 

ClMi«d Mm MIT 0oor»« I 1^, 

13 . E« *autacH»f of Tldm FlK6«tt ia British A,S.€., 

S «z»i M »o» l$3^f 1933» 

lAo E» dMuihwr, y» *TSm mxrnim^ ^ ships® Blatian^i l»atl> 

tt£t« of i^asiMort mA attishulIAtrSj) 6X» p« it» IfST^^o 
Coac; 5« "The loelcUUm of a fiat Iliiot«Bfiilaap flato Aidal 0m» 

pK^osslOK iMd Its BSterior Aft«r luckllBg**, BRltish ^JuC<.p R soi K 

Ro» SO^l, Mn^, 19 ^ 9 . 

X6» OsKp So "Tho Bttckllng of a Flat PI«t« X&kdMtr A^Lsl Ocmparfasim lai 

Its Marios.' Aft«r IhK^hlisc"^ British A.R.C., R siad M Bo» SX’ffp 0ot>, 19 ^ 9 , 
X?o Cos&p So Lo; "'Ifarts on tiw SootlBriiiXl MStboi fc^ Etti a isi tAiig Crltlosl 
British AoRoCa^ R saA M Mo, 2696 , fSb.^ 194?, 
iSo S^nnsllf la Sa» ths Appliostlott of Sou^is«ll®s fia° tJi« 

Amls^is sf SKsShliag Tssts’*» S, Tiaoc^siad^ AsniTaissftrF VbIsms; 

p, 2?^ 393®“ 

19o FmMsnd^ Jo M,^ Strmith Ship Hatlas ^sAsr Rifti Caw^Tsssiott**^ 
Ihr/M Tm&'lor Modsl Bssln 469^ 19^. 

0«rKrA.« doi, ’’atoMst iNbftalias Msftliod for fists Xmsti^ilitr 

Aims tho fK^portiesasl Lladf^ 3ms? <, Asro. ?@lo 13^ p, 38^ 1946, 

£lo BsisAjs^Sswnji Qo "&•, tf,, *^flMitlo BooSlljog of « .Isotsnc^lJiis* flats 

•t^,#r mm ISirasts*, RICA, Ti«1530, TII-946, 1948, 

S2e Ssiaierlj, C, J,, ”Dct«s»i»s>ticsi of fists Osc^rsssivs Strsngtlis*, Hd^g 
TK-14S0, 1947. 

23, Hill, B, R,$ for Critlesl Coogirsssivs Strsss of flat IsctsiiBijlsr 

flstss*, RICA, Ti-773, lf4o. 
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.%ffi; ,Ti 

^pi :au' tr tai pp a ^ «g^ M 

.cmj ^ a&m€ »Wg|wy £i«i 

mtiimamA 0 ^srnmm mtmrnt tmmrn* jlwtf .Ctt 

>1 vlA i,tr^ 'omh t*9m§l XM!Uj$%» 4P«5: aM M«£l 

Jtai^ a •€*■««• «^OTf «« .ifi 

.«A;»v .AM.<r .o^MT ^%iM9r ttis 

• iTiif Is-I #varr t«l| .f ^XlJ* 
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2%, Sc<ff, M* Jo, *1krt* oa In*lwrtlc Jou?» A«s«o» &ci« 9 «KWi, 

V^> Itp, Z, p, X 63 » 2 ^, 

Ss>plcin«; M« Oo j Bao^ 1. f« S» Co, ZMtiiil Bftcklias of flat 
H«K3t«a^palAr Bftaaids Uador CcmbismA SSkmup aad Co « pr i » i »t iosi"» Britiah 
AJioC^, It «»i M So« 19^5, 19^3* 

W&g f»X Co, S. to, ta^dixet, S. t,, of ZmXl So7l*> 

tleaa fr^ fXaetaMW m £ff*etlvo ladth cad 9tie1tllng of 2>i«t«s ia Comf* 
prcMioa^*, m£k, I»«X2Sti« X9^. 

27 . I3^uciila« A. A«« Bacsto-fXcctifi aUbiUlt/ of Whi^*, t^AoCoho, 

to^o U88, 19*i6, 

ll 9 ’yaM£i> Ao A«y "Btc&illltjr of PlcfeM cttd SbcUs tiac frs^po3> 

tloncX LSadt”, toAoCAo, TMo m£, Oet. I9V7» 

29 o C» A^Cbuslca <«r aaf ciaccitieco^ gXcicJwKccig 

¥«ft«iUeo Sruok bcaaspinasdxtcn Hs^ca ia elMticc^ea laad pLurtisdtem 
Bcnech'*^ ^ttleli I«7»l. Xaat» f. BaocIcAic X 03 Vf, 

90 o lAk&B, to, Va#m*> 1«, *'£iqp«cdMDt«X Stadicc of tie* JSffeetivc VMtli 
of BUietXod aSuMts”; BJI.C Jl, T,Mo 8lk (^I»miALh X936. 

3 X 0 l4my, So, *’fbm Bsadisg of Bce tc acaXc y PXaAcc vitli Ista^ OKflcotiooc**# 
S<»A,C.A» 3?^. S* 86 , IS^o 

32 , Be; StoweXX; to, "Critiocl OsMir?«feeivc Stspccc ^ IXct 

t»s%m&LlM£ PXa^ Bappc^PtcA AXsog AXX BOfiM cad BLac&ioiXXy Bcctrslaci 
Ageiast B::ftii,tioa AXoK^t the tloXocdcd B*AaC«A. 7aB« 733# X^2* 

33a ms? 0 X‘SiSvt, to, As^exast Midth of the PXctc la 0is«iis@:«c8io&’’j» 
UoAoCAo ToHo 833 <T«miX) Xf3T. 

^ko Mcalbctceh; Je Xa, ’’aodeXiasg of Ocag^c'ccMdl BMCtcagoXKs* vitl^ 

BtttXt-ln 13g«s**, Joisz-. AjppXa Steda-.^, A, p» A-“5*t> «f«ae# 1937 » 
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MitselHiax* E. M., at Slruetuir# Om^ 

pnt»9lim 8fe rM Mw « *y Txwm>» Vol» 7^; 3i>« 21; X^o 

:^o $%3dt93n«ri<», Ja; *t3qH>clMK^i «tt Co^pmsifita of teg^Xtn of 

Jimk FlJK&iBc cBd. %h« ^lieaction of tii« llioults iia l&«XiHtioai to the 
of 9ii^ Flotiac is CtrtoiA C^wiltiOMi of Lemidijftg'’; Sldp« 
«ad MKariUfti Bn^LM IkilJLAar; SS3» ^ggtriX, X$3%4 

37» Wo; t« ltt«kXia« U#t AlXo^r fXittoK**; X«.lo 

IBf. tmd attigb^ Taneso, p, 233; X9^« 

33«> F«t«eiii, Va; ^liaic^iBs ^oot« of fXatt ll«oiaa 4 pMr ?3Mm Ikt^ Ctm^ 
him& SSxms: mA Xm»glixdimX (?m§r§anim", I»A«0aAa T«lo I75&f 
39‘> ]^» Wo; Eslmir; 4^»; of Jfoi Usdt^ ao 

of FS^isg iQ CSg^[^6r«MiG«i**; MeX»'S« Omrm SXHA X93?« 

D« Aa; *0a 1 E!m of Xs^^cmlttoictX^ S^pfOertoA 

Malot. 'SSnstS.B^ Casarm %» 

4l, Mo Ao, Seimmrlp Go Jo, Sa^kliisg at 

C@Hgr««ioi& MJioGoAo TJto 19^« 

HecMlX; Ko lo; *9tr«a0k at KUdiaE; ia Ocap;^»iosa*; ioIoAoH.S«; 
^mo, ?ol, >3, po 12X, 3^. 

43o GsSmilal; Go, **EaiaSma|; 9om BktffqpXfdtsat**; Iteoio^ M^fm, 

po 13 iiomlMr; X 930 o 

Go, "Stmaid^ of TmomaM^ of 

0«Oo Esltasaor' AmiT« ftlo, p* S3$, l$k9o 
A3. To S»; WofoAX^; Co Jo, '^IStrm$^ &t T3M fXmfeiiEig 

mm Caasfmwiaiar, Co»iy«« mi, xm^ 

h£o ho, Go, *^3tres^!i of itetiOjpXar WXAb Flato* 

l^et eoi|p3f««rtaa*9 B»A.C.A» 5«Ie 35^« 1930» 



^ tmr r*r* ,.s ,i .^i 

» t.U .^5 *4 .♦r l 4*43r»7 »rjf*»«rsj 

1^ r^utmt^r ^ »r ^ 

Mi M — *1 «# %• Ml Mm ^^xms% #wQ 

-f :»>i mJ.si»^ «i^*9 al 1ft wii»>fan 

^i:< ,^>«A tCis .f ,ii *idT mtm Mm 

.1.4 ^ imzLU.*^ 04 n w Mft lMg” */;aM .|t 

.a:%4 «^Mi« ,eM .f ,4^ c.ftMf Wft ^ .iwS Mwa 
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1^7 > 8echler« I» 1*» dlircagth of ftdn Vlot iSie«ts la (km- 

Ougpnt!i«i« Aaroaaeatieal Is^rtkoisy ?u)>« tj, 0tlii'o3rzti« 
lostitut* of ToohaoXog^j, X933> 

Soathiwll^ S. t», **0b tbe Aaalysie of Ss^rliumt*! ia 

FroibXwMi of SiMMtic Stability's Froo. Itesy* S»e« %eaiSc&, Ser. A, 

Vol. 135, y. 601, 193£» 

k$<y Stovall, So Z„, Sohirwrta, S. B«, "Critical Streaii For m lafiBital^ 
l£sag Flat Plata vlt^ Slaatle Eaatmiaad Edl^ea Deader CcMbiiMid Sfcaar 
aad Direet Strasa", SJl.CJi. H.R. L-S^iO (ASS - 3*13), 19^3. 

50. Stovall, Sa Z*, "Critical Ckcar Stroaa of aa Iiafinitely Loag flat 
Plata vitb Bqual Haatic Haatraint Agaisat Rotation Aloag Parallal 
M«a*", S*A»C.Ao W*Bo L-<|.76, (ARR • 3K12), 19>^3. 

51« Stcnrall, E» Z, , *'A Oaifiad fhaosy of Plastic Buekliag af C^uani 
aad Platas", HJi,C»A« 396, 1$^» 

5&> Stovall, E, Z., "Critic Shaar Strata of an lafinitaly Umgi Plate 
in tba Plastic Hegicsi", »Jl«CJlo T.Io l68l, 19^. 

53 « Stovall, S« Z*, "Baclling Strength for Plat Plates and Sactioas", 
A,S,C,S«, 1951. 

54. ^«aey, B. "the Stmsgth of ISill Fiatiag Osadar Ceaitpasalc®" , 

Ue 3e SjqpartfiMMstal Modal Basin, Progress Beforts 1 and S, 1933. 

55. fiffloslaenteo, S^, ^eory ^ Elastic Stability , McGrav-lill Book Co., 1936, 

56 . von Ksmaa, ¥«, Sschler, Eo E., Besmell, X.» E», Stroaagth of 
SMn Platas In Ocsiyressim", f?aasacti«ms A« S« M. E., ?oI. 54, 
APK- 5 W 5 - 53 , 1938. 

37 . ^^sng, Chi«Tei&, "Ronollaai^ Isu^ Beflecticai Bcundary Paine ProBIens 
cf Bectaagular Plates", ]f<AoC.A« T.K. 1425, lf48. 
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19 ^^ 9 - 50 . 
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